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ZOOM LENS DRIVE SYSTEM FOR LENS SHUTTER TYPE OF CAMERA 

This is a continuation of U.S. Patent Application No. 10/231,285 filed August 30, 
2002, which is a continuation of U.S. Patent Application No. 10/012,422, filed December 12, 
2001, which is a continuation of (abandoned) U.S. Patent Application No. 09/797,840 filed 
March 5, 2001, which is a continuation of (abandoned) U.S. Patent Application No. 09/536,765, 
filed March 28, 2000, which is a continuation of (patent 6,094,535) U.S. Patent Application No. 
08/925,486, filed September 8, 1997, which is a continuation of (abandoned) application No. 
08/512,704, filed August 8, 1995, which is a continuation of (patent 5,475,456) application No. 
08/362,753, filed December 22, 1994, which is a continuation of (abandoned) application No. 
08/097,217, filed July 27, 1993, which is a continuation of (patent 5,280,317) application No. 
07/884,479, filed May 13, 1992, which is a continuation of (abandoned) application No. 
07/633,023, filed December 24, 1990, which is a continuation of (patent 5,162,831) application 
No. 07/510,676, filed April 18, 1990, which is a continuation of (patent 4,936,664) application 
No. 07/143,946, filed January 7, 1988, which was the National Stage of International Application 
No. PCT/JP87/00292, the contents of which are expressly incorporated by reference herein in 
their entireties. The International Application was published in English. 

TECHNICAL FIELD 

The present invention relates to a zoom lens drive system for a lens shutter type of camera 
having a finder optical system and an electronic flash device compatible with the lens. 

More precisely, the present invention relates to a zoom lens drive system for a camera 
having a between-the-lens shutter, but not limited thereto. 

This application is related to the commonly assigned application filed on even date 
herewith. Application Serial No. 07/144,030, now Patent No. 4,944,030, entitled "Lens Shutter 
Camera Including Zoom Lens", the disclosure of which is expressly incorporated by reference 



herein. 

BACKGROUND ART 

Most conventional automatic focus cameras having lens shutter, such as between-the- 
lens-shutters, have fixed focal lengths. Some cameras of this type permit a user to select one of 
the other of two separated lenses of different focal lengths for providing, for example, wide angle 
and telephoto capability. In such cameras, however, stepless variations in focal lengths are not 
possible. Heretofore, only single lens reflex camera using focal plane shutters had the capability 
of taking pictures using a zoom lens. 

Single lens reflex cameras are ore expensive and heavier than between-the-lens-shutter 
cameras; and accordingly, a photographer unfamiliar with cameras usually does not find it easy 
or convenient to use a single lens reflex camera, especially in taking action pictures at high speed 
using flash illumination. Furthermore, because of its relativity large weight and size, a single 
lens reflex camera is not favored by many photographer or travelers who are concerned with 
weight and the number of bags that have to be handcarried. Consequently, these individuals 
hesitate using single lens reflex cameras even if they appreciate the high quality pictures that can 
be taken by using such a camera. Accordingly, users who hesitate to use single lens reflex 
cameras have only two choices in a lightweight, small between-the- lens-shutter automatic 
camera one with a fixed focal length, and one which has two extreme focal lengths without 
adjustment therebetween. 

An object of the present invention, therefore, is to provide a new and improved small, 
light, and compact camera having a lens shutter, such as a between-the-lens-shutter and having a 
zoom lens in which focusing control and electronic flash control can be carried out automatically. 



Another object of the present invention is to provide a zoom lens automatic focus camera 
having a lens shutter, such as a between-the-lens-shutter, and having an additional macro 
function with which an extremely large detailed image can be taken, the finder optical system 
and electronic flash device associated with the macro function operating in a manner similar to 
the manner of operation in a normal mode(i.e., wideangle, telephoto and standard, etc.). 

Still another object of the present invention is to provide a zoom lens drive system for a 
lens shutter type of a compact camera with a zoom lens, in which a powered zooming operation 
can be elecrically and automatically effected. 

DISCLOSURE OF INVENTION 

A zoom lens for a camera having a between-the-lens shutter includes a motor for moving 
the lens, in forward and rearward directions, along an optical axis. The first embodiment of the 
present invention includes switch means operable by an operator to control operation of the 
motor for moving the lens fi'om an initial position on the axis to a final stationary position that 
establishes the focal length of the lens, and control means for operating the motor such that 
movement of the lens from its initial position to its final position always ends after the lens 
travels to the final position in a predetermined direction. The lens may occupy any position 
between and including a wide angle terminus that establishes the smallest focal length, and a 
telephoto terminus that establishes the largest focal length, and may also include a macro position 
beyond the telephoto terminus position. The invention insures that, regardless of the initial 
position of the lens relative to the final position, the lens will always be 
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travelling in the predeterminsd direction when it arrives- 
and halts at the final position. 

To reach a final position ^ the lens may have to travel 
in a direction opposite to the predetermined direction. In 
5 such case, instead of halting the^ lens when the final 
position is initially reached, the invention provides for 
causing the lens to continue to move beyond, or overshoot, 
the final position before movement of the lens is halted. 
By thereafter reversing the direction of movement of- the 

10 lens,- and returning it in the predetermined- direction to the 
final position, all of the backlash in the drive system will 
be taken into account. This arrangement will accurately 
locate the lens at the final position regardless of the 
initial position of the lens relative to final position. 

15 . The second embodiment of the invention includes switch 

means having two settings operable by an operator -to control 
operation of the motor for .moving the lens from an initial 
position on the axis to a final stationary position that 
establishes the focal length of the lens. In addition, this 

2 0 embodiment includes position detector means responsive to 
the lens position for detecting the position of the lens on 
the axis, and control means responsive to operation of the 
switch means to either of said two settings and to the 
position detector means for operating the motor such that: 

25 . (1) the final position of the lens is a predetermined number 
of discrete focal length steps from its initial position; 
and (2) movement of the lens to its final position always 
occurs while the lens is travelling in a predetermined 
direction . 

30 The position of the lens when the switch means is 

operated by the operator defines the initial position of the 
lens. Operation of the switch means to one of the settings 
causes the control means to move the lens in said 
predetermined direction to its final position located said 

35 predetermined number of focal-length steps from' its original 
position. Operation of the switch means to the other one of 
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the settings causes the control means to first move the lens 
in a direction opposite to said predetermined direction 
until it is located, more than said predetermined number of 
focal-length steps from its initial position^ and then to 
5 reverse movement of the lens and move it in said 
predetermined direction until it reaches its final position 
located said predetermined number of focal-length steps from 
its original position. 

The third embodiment of the- invention includes switch 

10 means having two settings . operable by an operator to control 
operation of the motor for moving the lens from an initial 
position on 'the axis defined by the position of the lens 
when the switch is operated to a final stationary position 
that establishes the focal-length of the lens. In addition, 

15 this embodiment includes position detector means responsive 
to. the lens position for detecting the position of the lens 
on the axis, and delay means for introducing a predetermined 
pause in operation of the motor. Finally, • this embodiment 
includes control means responsive to sustained operation of 

20 the switch means to either of said two settings > to the 
position detector means, and to the delay means for 
operating the motor such that: (1) the final position of the 
lens is a predetermined number of discrete focal-length 
stops from its initial position; (2) movement of the lens to 

25 its final position always occurs, while the lens is 
travelling in a predetermined direction; and (3) the lens 
remains stationary at the final position for said 
predetermined pause before moving to "another position 
located therefrom by said predetermined number of discrete 

3 0 steps. Thus, sustained operation of the switch means to one 
of the settings causes the control means to repeatedly move 
the lens through a predetermined number of focal-length 
steps, pausing for a predetermined period of time between 
moves. 

35 The fourth embodiment of the invention includes switch 

means having a plurality of ■ settings selectable by an 
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operator to control operation of the Tnotor for inoving the 
lens from an initial position on the axis defined by the 
position of the lens vhen the setting is selected, to a 
final stationary position that establishes the focal-length 
of the lens. In addition, this embodiment includes position 
detector means responsive to the lens position for. detecting 
"the position of the lens on the axi-s, 'and memory means for 
storing data representative of a position of the lens -on 
said axis. Finally., this embodiment includes control means 
responsive to selection of a setting of the switch means, to 
the position detector means, and to the memory means for 
operating the motor such that selection of a zoom setting of 
the switch means by the operation causes said motor to drive 
the lens from its initial position to a final position 
determined by the contents of said memory means under the 
condition that movement of the lens to its final position 
always occurs while the lens is travelling in a 
.predetermined direction; 
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According ' to one asp.ect of the present invention, 
tlierc is provided an apparatus for driving a zoom lens 
system in a lens shutter type of camera, in which said 
room lens system is moved in optical axis directions 
5 by a driving source to vary the focal length, wherein 
the improvement comprises means for 'driving the driving 
source during the zooming operation, means for reversing 
the direction of th^ movement of the zoom lens system" 
only when the latter moves in a predetermined one 
10 direction and when the zooming operation ends, and means 
for stopping the actuation of the driving source 
subsequent to reverse of the actuation of the driving 
source. 

According to anotlier aspect of the present 
15 invention, there is provided an appatus for driving 
a zoom lens system in a lens shutter type of camera, 
in which said zoom lens system. is moved in optical axis 
dii-ections by a driving source to vary the focal length, 
wherein the improvement comprises means for driving 
20 the driving source during the zooming operation-, means 
for detecting tl^e position of the zoom lens system in 
the optical axis directions, means, for detecting the 
mmovement of said zoom lens system by a predetermined 
displacement in response to detection signals of said 
25 detecting means during actuation of the driving source, 
and means for stopping the actuation of the driving 
source when said detecting means detects the movornent 
of the zoom lens system by said predetermined 
displacement. 

30 .According to still another aspect of the present 

invention, there is provided an apparatus for driving 
a zoom lens system in a lens shutter type of camera, 
in which said zoom lens system is moved in optical axis 
directions by a driving source to vary the focal length, 

35 wherein the improvement comprises means for driving 
the driving source during the zooming operation, means 



for detecting the position of the zoom lens system in 
the optical axis directions, means for detecting tl}e 
movement of said zoom lens system by a predetermined 
displacement in response to detection signals of said 
5 detecting means during the actuation of the driving 
' source, means for stopping the actuation of the driving 
source when said detectig means detects the movement 
of the zoom lens system by said predetermined 
disploccmen t , means for determing whether or not a 

10 further movement of the zooming lens system is necessary, 
and means for moving said zooming lens system by a 
predetermined displacement when said determing means 
detemines a further movement of the zooming lens system. 
According to a variant of the 'present invention, 

15 there is provided an apparatus for driving a zoom lens 
system in a lens sliutter type of camera having at least 
two opera tion ' modes includihg a. zoom mode in which said 
zoom lens system is moved within a predetermined zooming 
range and a specific mode in which said zoom lens system 

20 is moved beyond said zooming range, said zooming lens 
system being moved in optical axis directions by a 
driving source to vary the focal length, wherein the 
improvement comprises first means for driving the driving 
source during the zooming operation, means f or- de tec t ing 

25 the position of the zoom lens system in the. optical 
axis directions, means for ' moving said zoom lens sysem 
so OS to selectively occupy said zooming mode and said 
specific mode, means for storing the position data 
detected by said detecting means, and second means for 

30 driving the zoom lens system to the -position represented 
by the stored position data when a change of the 
operation modes from the specific mode to the zoom mode 
takes place, ^ ^^„^^ 



BRIEF DESCRIPTION OF DRAWINGS 

Embodiments of the present invention are shown in. the 
accompanying drawings wherein: 

Fig. 1 is a schematic block diagram of a first 
embodiment of the' present invention; 

Fig. 2 is a schematic bl.ock diagram of a second 
embodiment- of the present invention; 

Fig. 3 is a schematic block diagram of a third 
embodiment of the present invention; 

Fig. 4 is a schematic block diagram of a forth 
embodiment of the present invention; • 

Fig. 5 is a schematic perspective view of between-the- 
lens .shutter camera with a zoom lens -according to the 
present invention; 

Fig. 6 is a front elevational view of the lens barrel . 
block of Fig. 5 showing a light emitter and receiver, a 
macro compensating optical element associated with a 
distance measuring device, and a zoom motor; 
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Fig. 7 is a top plan view of a portion of the apparatus 
of Fig 6; 

Figs. 8 and 9 are sectional views taken along the lines 
XIII-XIII and IX-IX, respectively, in Fig. 6; 
5* Fig. 10 is a longitudinal sectional view of the l&ns 

barrel block of the first embodiment; 

Fig. 11 is a developed view of cam grooves of a cam 
ring for the front and rear lens-element groups associated 
with the lens barrel block of Fig. 10; 
10 Fig. 12 is an exploded perspective view of the lens 

barrel block shown in Fig. 10; 

Figs. 13 and 14 are sectional views of an optical 
barrier - mechanism associated with the lens barrel block of 
Fig. 10, the views being taken along a plane perpendicular 
15' to. the optical axis of the block, and showing the- barrier in 
open and closed positions, respectively: 

Fig. 15 is a schematic view of a distance measuring 
device according to the present invention? 

Fig. 16 is a schematic view of an optical arrangement 
2 0 for adjusting the focus in a macro mode of operation of the 
invention; 

Fig. 17 is an enlarged view of a detail of a part of 
Fig. 16: ■ . " 

Fig 18 -is a front elevational view of the detail of 
25 Fig. 17: • 

Fig, 19 is a plan view of a cam plate of a finder 
block as mounted on a mother plate; 

Fig. 20 is a sectional view taken along the line XX-XX 
in Fig. 19 ; 

30 - Fig. 21 is a back view of Fig. 19; 

Fig. 22 is a plan view of Fig. 19 with the mother plate 
and cam plate removed; 

Fig. 23 is a sectional view taken along the line XXIII^ 
XXIII in Fig. 19; 
35 Fig. 24 is a sectional view taken -.along the line XXIV- 

XXIV'in Fig. 23 showing a deflection prism actuating plate; 
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Fig. 25 is a sectional view similar to Fig. 24 but 
showing the actuating plate in a different operational 
position; 

Fig. 26 is a sectional view similar to Fig. 24,' but 
5 without the deflection prism actuating plate; 

Fig. 27 is a front elevational view of the apparatus 
shown in Fig. 23, but showing a deflection prism in line 
with the view finder; 

• Fig. 28 is a sectional view taken along the line 
10 XXVIII-XXVIII in Fig. 21.:, ■ 

Fig. .29 is a developed view of a code plate, showing 
the lands thereof, and showing a developed view of the cam 
grooves for the purpose of illustrating the functional 
relationship therebetween; 
15 Fig. 30 is a chart showing a zoom code carried by the 

code piate shown in Fig. 29, .and showing possible start and 
stop positions; 

Fig. 31, 32 and 33 are front elevationaL, back 
elevational, and plan views, respectively, of a camera of 
2 0 the invention showing, operational switches;' 

Figs, 3 4 and 3 5 are sectional views of a mode changing 
switch, and a macro button shown in different ooerational 
positions; 

Fig. 3 6 is a block diagram of a controlling device for 
25 the present invention; 

Fig. 37 is a drive circuit of a zoom motor;' 
Figs. 38-41 are flow charts of the first embodiment of 
the present invention; 

Fig. 4 2 is a plane view of a zoom switch in a modified 
30 arrangement; 

Fig. 43 is a diagram showing a zoom code by a code 
plate shown in Fig. 29 and stop positions; 

Figs. 4 4-4 6 -are flow charts of a second, embodiment of 
the present invention; 
35 Fig. 47 is a diagram showing a zoom code by a code 

plate shown in Fig. 29 and stop positions; 
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Figs, 4 8 and 4 9 are flow charts of a third embodiment 
of the present invention; 

Fig. 50 is a diagram showing a- zoom code, by a code 
plate shown in Fig. 29" and stop positions; and 
5 Figs. 51 and S2 are flow charts of a forth embodiment 

of the present invention. 

BEST MOD£ FOR CARRYING OUT THE INVENTION 
Basic Construction of Betvesn-the-lens 
Shutt.er Tvpe o£ Camera (Fias . 5-29) 
10 A. camera having a between-the-lens shutter according to 

the present invention comprises lens barrel block. 1 defining 
optical axis OA, a finder block comprising finder and strobe 
block 2, distance measuring device AF.._compr is ing light 
emitter 3 and light- receiver 4, .and zoom motor 5 for 
15 effecting zooming operations. These elements are secured in 
the manner described below to base S which is rigidly 
attached to a camera housing. 

As shown in Figs. 6-10, base ,6 includes lens barrel 
supporting plate portion 'Sa lying in a plane perpendicular 
20 to optical axis OA, flange supporting plate portion 6b 
extending from one side of plate portion 6a at a right angle 
thereto, and motor* supporting plate portion 6c perpendicular 
to the plate portion 6b. - Lens barrel block 1 is supported 
on lens barrel supporting plate portion 6a, and zoom motor 5 
25 is secured to motor supporting plate portion 6c located 
above the center portion of lens barrel block 1'. Light 
emitter 3 and light receiver 4 , which are secured to 
supporting plate portion 6b, are located on opposite sides 
of zoom motor 5. Finder block 2 is secured to the right 
30 portion of supporting plate portion 5b as viewed from the 
front of. the camera. Gear train supporting plate 6e, 
parallel to support plate 6c, is connected thereto by 
spacers 6f.. 

Lens barrel block 1, which is actuated by zoom motor 5, 
35 is mounted on base 5 as described below with reference to 
Figs '10-13. Rear securing plate 11 of block 1 is mounted to 
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lens barrel supporting plate portion 6a of base 6 by means 
of fastening screws 10. The rear securing plate has four 
guide rods 12 secured thereto which are located around t:he 
optical axis and extend parallel thereto. Front' securing 
5 plate 13 is attached to the front ends of the guide rods 12. 

Rotatable cam ring 14 is mounted between front and rear 
securing plates 13 and ,11, and is provided, on its outer 
periphery, with gear 15 fixed thereto by means of set screws 
15a (?ig- 10). Pinion 7 (Fig. 8) on. the output shaft of 

10 motor 5 directly, or indirectly through a gear train, 
engages gear 15 which may be a sector gear of a size that 
covers a predetermined range of rotational movement of cam 
ring 14. The cam ring has zooming cam grooves 20 and 21 for 
establishing the relative positions of the- front and rear 

15 lens-element groups, respectively. 

Fig. 11 is . a development of zooming cam groves 2.0 and 
21.. Cam groove 21, for the rear lens-element group, 
includes wide angle terminus fixing section 21a, variable 
magnification .section .21b, and telephoto terminus fixing 

20 section 21c. Cam groove 20 for the front lens-element 
group, includes the following sections: section 20a for 
opening and closing- barrier block 30 (Fig. 12) , lens 
retracting section 20b, .wide angle terminus .fixing section 
20c, variable magnification section 20d, telephoto terminus 

25 fixing section 20e, macro transferring section 20f, and 
macro terminus fixing section 20g. Hotational displacement 
of the front lens group through the angle 9^ -will occur when 
sections 20a, 20b, and 20c of zooming cam groove. 20 are 
used. This angle is identical to the angle e^^ of the rear 

30 lens group which uses section ^la of the zooming cam groove 
21. The. angle 82 of the variable .magnification (variable 
power) section 20d of groove 20 is identical to the angle 
of the variable magnification (variable power) section 21b 
of groove 21. Further, the angle 63, which comprises 

35 sections 20e, 20f, and 20g of groove 20," is equal to the 
angle 'of section 21c of groove 21. In the illustrated 
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embodiment, tha zooming range is 35 mm - 70m,m. 

Cam follower roller 17 of front group frame 16 is 
opsratively , engaged in cam groove 20, and cam follower 
roller 19 of rear group frame 13 is _ operatively engaged in 
5 cam groove 21. Front group > frame 16 and rear group frame 18 
are mounted on guide rods 12 for -sliding axial movement 
parallel to the optical a^cls. "Decorative frame 22 and 
shutter block 23 (Fig. 10) are secured to front group frame 
16 by means of set screws 22a. 

10 Shutter block 23, which controls focusing and exposure, 

is 'in operative engagement with front lens frame 24, which, 
supports front lens-element group LI by means of helicoid 
25. Front lens frame 24 includes arm 24a engaged with lens 
focusing lever 23a of shutter block 23, When lever 23a 

15 circumf erentially rotates, rotation is imparted to front 
lens frame 24 relative to frame 22 and block 23 such that 
the front lens frame moves along the optical axis by reason 
. of helicoid 25 to effect focusing, P^ear lens-element group 
L2 is directly secured to the rear group frame 18. 
.20 Shutter block 23 is known oar se . It rotates lens 

focusing lever 23a through a predetermined angular 
displacement in accordance with a detection signal from the 
distance measuring device which is described below* Rotation 
of lever 23a is effected by means of a pulse motor (not 

2 5 shown) incorporated in the camera body to open the sectors 
of shutter 23b for a predetermined time, and thereafter to 
close the sectors by- returning lever 23a to its initial 
position. This kind of shutter block is disclosed, for 
example, in Japanese Unexamined Patent Publication (Kokai) 

30 Nos. 60-235126. In the present invention, such a 
conventional shutter block is used essentially as. is.' 

Barrier mechanism 3 0 (shown in detail in Figs". 13 and 
14) includes a pair of light barriers 31, which are 
pivotally mounted at 3 2 ahead of front lens-element group 

35 LI. These barriers, which are symmetrically positioned 
relative to axis Ok, control the passage of light through 
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photographing opening 22b in frame 22. Movemsnf of these 
barriers is effected by rotational force produced when 
roller 17 engages section 20b of groove 20. Each of 
barriers 31, 31 has barrier plate portion 31a that is 
5 proj eatable across optical axis OA and is located on one 
side of pivot pin 32, and. driving arm portions- 31b on the 
opposite side of pivot pin 32. .Each driving arm portion 3 lb 
has pin 33 which engages respective operational arms 34a of 
springs 34 which are made of, for example, molded synthetic 

10 resin. Sach of, springs 34 has generally Y-shaped spring arm 
34b and driving arm 34c, in addition to operational arm 34a, 
and is pivoted to barrier mechanism 30 by means of pin 35. 
Spring arms 34b bear against the inner wall of front group 
lens supporting frame 22 to continuously bias barrier plate 

15 portions 31a into' positions at which barrier plate portions 
• 31a are retracted out of blocking relationship to optical 
axis OA. 

Driving arms 34c are urged by spring arms 34c into 
engagement with flange portion 3 6a of pin 3 6 which is 

2 0 mounted in front group lens supporting frame 22 for radial 
movement relative to axis OA. The head portion of pin 36 is 
engaged by a free- end of operational lever 3 8 which projects 
through operational hole 3 9 in supporting frame 22, and is 
pivoted to front securing plate 13 by means of pin 37. 

25 Springs 34c normally bias pin 36 radially outwardly from the 
optical axis to a radial projecting position when lever 3 8 
exerts no external force on pin 36. In this state, barrier 
plate portions 31a are retracted out of blocking position of 
the optical path (Fig. 13). 

30 The inner wail of the cam ring 14 is formed with 

restriction projection 40 (Fig. 12), which bears against the 
. outer end of operational lever 38 to press pin 36 radially 
inwardly when cam ring 14 rotates while roller 17 is engraged 
in section 20a of cam groove 20. With the arrangement of 

35 the barrier mechanism described above, barriers 31 unblock 
photographing opening 2 2b whenever projection 4 0 is out of 
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engageinent with lever 38. That is to say, whenever cam ring 
14 causes roller 17 to engage sections other than opening 
and closing section 20a of the zooming cam groove 20, 
barriers are 31 open. 
5 When zoom motor 5 rotates cam ring 14 so that roller 1.7 

moves from engagement with section 20b into engagement viiih 
section 20a of groove 20, projection 40 engages lever 38 
which radially displaces pin 3 6 and rotates barriers 31, by 
means of drive arms -340 and operational arms 34a, until 

10 barrier plate portions 31a of the barriers are moved into 
blocking position relative to the optical parts of the lens 
system. As a result, photographing opening 22b is closed to 
protect front lens-element group LI, That is to say, front 
group lens supporting frame 22 closes barriers 31 after the 

15 group moves to its retracted position from the wide-angle 
terminus position. 

When a picture is to be taken, zoom motor 5 drives cam 
"ring. 14 in a forward direction. Roller 17 engaged with cam 
.groove 20 thus moves from section 20a towards section 20b 

20 causing barriers 31 to open ' as front lens-element group LI 
moves to its wide position where a the picture can be taken. 

Figs. 15 to 18 show a distance measuring device that 
can be used in the present invention. In the illustrated 
embodiment, distance measuring device AF includes .light 

2 5 emitter 3 and light receiver 4 in the form of a position 

detection element (PSD) , the receiver and emitter being 
arranged in a triangulation type of measuring system. As 
shown in Fig. 15, light emitter 3 comprises light source 3a, 
such as a light emitting diode (LED) and light emitting lens 
30 3b. Light receiver 4 is composed of PSD 4a spaced from 
light source 3a at a base length L, and light receiving lens 
4b. PSD 4a. has a single elongated light receiving element 
with a common terminal (cathode) C and two terminals 
(anodes)' A and B which have a polarity different from that 

3 5 of the common terminal C, as is well known, 

• in the operation of the distance measuring device, 
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light emitted from light source 3a and focused by lens 3b is 
reflected froiu subject 0 to be photographed. Light 
reflected from the subject is received by PSd 4a and focused 
by lens 4b on the light receiving surface of PSD 4a at a 
5 position that is functionally related to the distance of the 
subject from the light source producing a current related to 
the position of incident light on the PSD. Thus, the 
subject distance can be detected' by measuring this' electric 
current, and using a triangulation .measuring method which is 

10 known per se . 

In response to -the measurement data thus obtained, an 
operation signal is supplied to shutter unit 23 (Fig. 10) to. 
perform an automatic focusing operation in any of the 
possible zooming ranges. Such operation is performed by 

15 applying driving pulses to a pulse motor (not shown) within 
shutter unit 23 in accordance with the measurement data. In 
response, lens actuating lever 23a of unit 23 rotates 
through an angle corresponding to the numb>er of pulses thus 
rotating front lens frame 24 through the same angle. . As a 

20' result of rotation of front lens frame 24 relative to cam. 
14, front lens-element group LI is moved by helicoid 25 in 
the optical axis direction so that focusing is automatically 
effected. AF devices other than the triangulation type 
mentioned above could also be used in the present invention, 

25 'Preferably, the distance between light emitter 3 and 

light receiver 4 is as large as possible, because the 
precision of measurement in a triangulation computation 
generally depends on the base length. Accordingly, in the 
present invention, the base length is made as large as 

30 possible by placing zoom motor 5 between light emitter 3 and 
light receiver 4. Locating zooming motor 5 between light 
.emitted 3 and light receiver 4 contributes not only to an 
increase in' base length L, but also to a realization, of a 
small and compact camera body. Zoom motor 5 is secured to 

35 motor supporting plate 6c (Fig. 9) integral with the base 
plate 6, plate 6c preferably being formed by bending a 
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* portion of base plate 6 out of the plane thereof. 

As shown in Fig.- 11; cam groove 20 in cam ring 14, 
includes zooming cam groove 20f which serves a macro 
transferring function because it causes a further forward 
5 moven^ent of front lens-element group LI .from its "telephoto" . 
terminus. In this state, i.e. in 'the macro position, ■ light 
reflected from a subject at such a close range, in response 
to actuation of the distance measuring device, would not be 
■ incident upon PSD 4a; and subject distance would not be 
10 measured. Accordingly, no operation signal would be 
generated for application to shutter unit 23, and exposure 
could not be achieved. In the illustrated embodiments, the 
detection mechanism of Figs. 16 to 18 is provided to measure 
the subject distance at the macro terminus. 
15 In Figs. 16-18, macro compensating optical element 4e, 

comprising prism 4c with two totally reflecting surfaces 4h 
and mask 4d, is positioned in front of light receiver 4, but 
. only at the " macro setting. At all other settings, element 
4e is out of alignment "with light' receiver 4. ' Prism 4c 
20 optically extends the. base, length of the subject distance 
measuring device and refracts the light rays. .Mask 4d is 
designed to accept only rays of light from the subject to be 
photographed. To this end, -mask 4d has opening 4f facing 
the subject and opening 4g adjacent to light receiving lens 
25 4b, the opening being in the form of a slit spaced from the 
optical axis of the light receiving lens 4b by a distance 1. 
on the side of the optical axis opposite to light emitting 
lens 3b. Opening 4g is also in the fcrm of a slit on the 
optical axis of light receiving lens 4b. 
30 With this arrangement, which is effective only at the 

macro setting, spaced reflecting surfaces 4h of prism 4c 
cause the optical axis of light receiving lens 4b of the 
distance measuring device, to be- displaced in parallel by 
the. distance 1 toward the base length L so that the optical 
35 axis of light receiving lens 4b intersects the optical axis 
of the light emitting lens 3b at a finite distance. According 
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to the present invention, not only is the distance measuring 



10 light refracted, but also the optical, axis of the light 
receiving lens is moved in parallel by the distance 1 toward 
the base length L, whereby the base length is optically 
extended to (L+1) . Thus, deviation of a spot image . on the 
PSd .4a can be increased in relation to. the change of subject 

15 distance. Accordingly, by properly selecting the angle ^ 
(see Fig. 17) and the refractive index etc, of prism 4c, 
•the subject distance can be detected with high accuracy. 
Thus,, when the lens- is positioned at its macro setting, 
shutter unit 23 is actuated in accordance with the 

20 measurement data and focusing is automatically and precisely 
effected. 

Macro compensating optical element 4e is secured to one 
end of arm 4 2 (Fig. 6) which is pivoted to base plate 6 by 
means of shaft 41 located below light receiver 4. Arm 4 2 is 

25 provided, at- its opposite end, with integral projection 43 
that bears against cam ring 14. Arm 42, which is flexible, 
is normally retained in a straight unflexed position when no 
external force is applied thereto .and can .be elastically 
deformed by application of an external force. Macro 

30 compensating element 4e is continuously rotatably biased by 
tension spring 16 into' a retracted position in which it is 
out of alignment with the optical axis of light receiver 4. 
Projection 44 on cam ring 14 moves into engagement with 
projection 43 when the cam ring is rotated to its macro 

35 setting position. Such engagement causes arm 4 2 to pivot 
agai-nst the bias of spring 46, thus moving macro 
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coinpensating optical element 4s in front of light receiver 
4. 

Projection 44, for operatively positioning macro 
compensating element 4e relative to receiver 4, is 
5 positioned on ring 14 and shaped so that. macro compensating 
optical element 4e is rotated slightly past the position in 
which the element 4e comes into alignment with the optical 
axis of the light receiver 4, The extreme end of the 
rotational movement of the element 4e by the projection 44 

10 is restricted by the side of gear supporting plate 6e 
integral with the base 6. In this case, the over-rotational 
movement of element 4e by projection 44 is absorbed by the 
resilient deflection of arm' 42. With the arrangement 
mentioned above, macro compensating optical element 4 6 is 

15 automatically moved in front of light receiver 4, when cam 
ring 14 is moved to its macro mode setting. 

Operation signals from distance measuring device AF are 
supplied to shutter block- 23 through a flexible printed 
circuit board (FPC board) which is not shown. The FPC board 

20 is curved around- the inside of cam ring 14, so that the FPC 
board can be freely extended and folded to fit within the 
entire range of displacement of front lens-element group LI 
and rear lens-element group L2 . 

Finder block 2 includes finder device 8 and strobe 

25 device 9. The finder device and the strobe device are 
constructed and arranged so that the field of view of the 
finder "device and the illumination angle (intensity) of the 
strobe are varied in accordance with the focal length of 
lens barrel block 1. The power source that powers zoom 

3 0 motor 5 also powers the finder and strobe controls. 

Gear 15 on cam ring 14 is ■ engaged by another pinion 50 
in addition to pinion 7 mounted on motor shaft 5a. Shaft 
51, carr-ying pinion 50, extends toward the rear portion of 
base 6 and is provided on its rear end with reduction gear 

•35 train 52, Gear 52a of train 52, meshes with rack 53a of cam 
plate. 53. The cam plate is slidable in the right and left 
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hand directions (lateral directions) as seen in Fig. 19, and 
has a downwardly bent portion 53b at its rear and. Rack 53a 
. is formed on the lower end of bent portion 53b of cam plate 
53. Reduction gear train 52 reduces the rotation of the 
5 gear 15 in order to produce a limited displacement of cam 
plate 53 which" is provided with variable power cam groove 55 
for controlling finder device parallel correction cam 

groove 56, and strobe .cam groove 57 "for controlling strobe 
device 9 . 

10 The lens system of finder device 8 is essentially 

composed of subject lens group L3 / eye-piece group L4 / 
movable variable power lens group, L5; and deflection prism 
?1 for use during macro mode operation. 

Variable power lens group L5 varies the image picture 

15 size in accordance with the variable power operation of lens 
barrel block 1 coincident with the field of view of finder 
device 8. .Deflection prism 'PI is moved into the optical 
path of the lens system of the finder device- only in the 
macro mode of operation in order to compensate for parallax. 

2 0 Parallax is inevitable in a camera having a between- the-lens 

shutter and becomes significant as the distance of the 
camera to the subject to be photographed comes smaller. 
Accordingly, a large parallax error is normally involved in 
a macro mode- operation of the camera. . To solve this problem 
25 of large parallax in the macro mode, deflection prism PI is 
provided in the present invention. Prism PI is in 'the form 
of an optical wedge with a thicker lower end and a thinner 
upper end. Deflection prism PI, when located in the optical 
path of the finder system, • deflects light rays • downwardly 

3 0 toward a subject close to the camera. Fig- 2 6 shows the 

direction, of the optical path of rays through the finder 
lens when deflection prism PI is positioned in the optical 
axis of the finder lens. 

Strobe device 9 controls the illumination angle as a 
35 function of the focal length -of the photographing lens. 
When the focal length is large, namely as the lens is moved 
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forvardlyr the illumination angle is increased. When the 
camera is operated in the macro mode, the illumination angle 
is further increased to decrease the quantity of light 
incident on the subject. In the illustrated einbodiment , 
5 strobe device 9 includes fixed Fresnel lens L6, and movable 
concave reflector 59 operatively associated with xenon lamp 
58 (Fig. 28) which is movable in the optical axis direction. 
Under some conditions, a simple strobe in which the 
illumination angle is fixed can be- used, however. 

10 The driving mechanism for actuating finder device 3 and 

strobe device 9 is shown in Figs. 19-28. Finder block 54 is 
mounted to one side of base 6. Mother plate 50, secured to 
blocX: 54, is provided with guide pins 62 which fit in linear 
guide groove 61 of cam plate 53, Sliding movement of cam 

15 plate 53 in the lateral direction with respect -to the 
optical axis is restricted by the engagement of guide groove 
61 on pl-ate 53 with guide pins on plate 60, and an edge of 
plate 53 with guide projection 60a formed integral with 
finder mother plate 60 as shown in Figs. 19 and 20. This 

2 0 arrangement prevents cam plate 53 from floating from mother 
plate 60, especially at the front end of cam plate 53. 

Finder mother plate 60 has variable power lens guide 
groove 63, deflection prism guide groove 64,' and strobe 
• ■ guide groove 65. These guide grooves all extend parallel 

25 to the optical axis. Variable lens .frame 66 .(Fig, 23), 
which carries variable, power lens group L5, is provided with 
guide projection 6 5a that operatively engages • variable power 
lens guide groove 63. Deflection prism actuating plate 67 
(Fig. 23) is provided, with guide projection 67a that 

30 operatively engages deflection prism guide groove 64. 
Strobe case 68, • which has a concave reflector 59 secured 
thereto, is provided with guide projection 68a that 
operatively engages strobe guide groove 65. Thus .each of 
variable power lens frame 66, deflection prism actuating 

35 plate 67, and strobe case 68, is moveable in a direction 
parallel to the optical axis along respective guide grooves. 
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Guide projections 66a, 67^, and 68a are provided with driven 
pins 69, 7 0 and 71, which operatively engage variable power 
cam groove 55, parallax compensating cam groove 56, and 
strobe cam groove 57, respectively.^ Accordingly, when cam 
5 plate 53 moves laterally • relative to the~ optical axis, 
variable power lens frame 66, refraction prism actuating 
plate 67., and strobe case 59 move in respective cam grooves 
55, 56 and 57. • 

The sections of variable power cam- groove 55, parallax 

10 compensating .cam groove 56 -and the strobe cam groove 57 are 
uniquely related to the various sections of zooming cam 
grooves 20 and 21 of cam ring 14, which is described above 
with reference. to Fig. 11. That is to say, variable power 
cam groove 55 includes wide angle terminus fixing section, 

15 55a, variable power section. 55b, and telephoto terminus 
fixing section 55c; and the sections are marked Sj^, and 
9^ which correspond to the. same angles shown in Fig. 11. 
Parallax compensating cam groove -56 has non-projecting 
section 56a, projecting movement section (forward feed 

20 section for macro mode) 56b, and projected position fixing 
section (macro terminus fixing section) 56c. Strobe cam 
groove 57 • has wide angle terminus fixing section 57a., 
variable power section 57b, telephoto terminus fixing 
section 57c, macro "feeding section 57d, and macro terminus' 

25 fixing section 57e. -The relationship between " cam grooves 
55, 56 and 57 and zooming cam grooves 20 and 21 is -shown in 
Fig.- 29. 

variable power lens frame 66, which supports variable 
power lens group L5, is movably supported on guide face 54a 

30 of finder block 54 so that frame 66 is suspended therefrom 
as shown in" Fig. 23. When frame 66 moves in response to the 
interaction between pin 6 9 on the frame and variable power 
cam groove 55 as cam plate 53 is displaced, the movement of 
frame 66 varies the magnification of the finder optical 

35 - system including ' lens group L3 , eyepiece group L4 and 
variable power lens group L5. Thus, the field of view of 
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the finder is substantially consistent with the field 
defined by' lens barrel block 1. 

Referring ' now to deflection prism actuating plate 67 
shown in Figs. 2 4-2 6, deflection prism PI, which is made of 
5 synthetic resin, is rotatably supported by lower opposite 
supporting pins 74 on finder block 54. Each supporting pin 
74 is surrounded by torsion spring 75, one end, of which 
• bears against respective abutment 7 6 provided on a side face 
of deflection prism ?1. Consequently, deflection prism PI 

10 is continuously biased toward a position in which the prisiu 
is in alignment with the. optical axis of the lenses- L3-L5 . 
2ach abutment 7 6 is located in arcuate groove 79 formed in 
finder block 54. Deflection prism actuating plate 67 is 
held between finder block 54 "and guide plate 8 0 connected to 

15 the finder block. Guide pins 81 provided on the side face 
of plate 8 0 operatively engage in linear guide grooves 82 in 
finder block 54 . 

When pin 70 on plate 67 is located in section 56a of 
groove 56, position restricting abutment 76 on prism PI 

2 0 engages rotation preventing face 77 on plate 67 as shown in 
?ig. 24. In such position," deflection prism actuating plate 
67 holds deflection prism PI out of the optical path o.f 
le.nses L2-L5 against the bias of springs 75. During 
- movement of plate 67-, which occurs when the pin 70 engages 

25- projecting movement • section 56b of groove 56, spring 7 5 
biases prism PI into the optical path of lens L3-L5. 
Eventually, guiding sur'face 78on plate 67 engages abutment 7 6 
so. that deflection prism PI is .rotated into alignment with 
the optical path. During this movement,' abutments 7 6 move 

30 into guiding surface 7S of deflection prism PI which 
gradually comes into alignment with the optical path as 
shown in Figs. 25 and 2'6, so that the optical path of the 
finder is deflected downwardly by prism PI as shown in Fig. 
26. As ■ a result of this, a subject located ■ close to the 

35 camera, and below the viewfinder, comes into the field^ of 
view. Thus parallax error in the macro mode of operation is 
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decreased. 

Strobe case 68 is provided/ on one side, with guide 
block 85 which operativeiy slides in linear guide groove 84 
in guide plate SO, groove 84 being parallel to the optical 
5. axis of the camera as shown in Fig. 28. Height adjusting 
pins 86 (Figs. 23 and 27) are located on the upper and lower 
faces of- case 63 to slidingly support the case during its 
axial displacement as pin PI moves" in strobe" cam groove" 5 7 
in response to lateral movement of cam plate 53. Variable 

10 power section 57b of the strobe cam groove 57 is effective 
to move xenon lamp 58 backwardly, away from Fresnel lens LS. 
The backward movement of xenon lamp 58 causes the 
illumination angle of the light transmitted by Fresnel lens 
L6 to decrease in order to substantially increase the guide 

15 number in accordance with an increase in focal length. On 
the contrary, when pin PI is located in macro feeding 
section 57d; the illumination angle is increased, and the 
guide number is thus, substantially decreased. The last 
mentioned situation occurs during micro mode operation of 

2 0 the camera. 

In the above discussion, the mechanical design of a 
camera having a between-the-lens shutter camera to which the 
present invention is" applicable has been described. Control 
systems according to the present invention are explained 
25 below. 

First embod Iment of zoom lens , system drive 
Referring now to Fig. 1, reference numeral AlO 
designates, in schemcLtic form, the first embodiment of the 
present invention which . includes zoom lens All for a camera 
30 having a between- the -1 ens shutter, and selectively 
reversible motor A12 coupled to the lens system through 
drive system A13 for moving the lens in opposite directions 
as indicated by the arrow-s in Fig. 1 along an optical axis. 
Embodiment AlO comprises switch means Al operable by an 

3 5 operator to control operation of motor A12 for moving the 

lens from an initial position on the axis to a final 
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stationary position that establishes the focal length of the 
.lens. This eitibodiiaent also includes control means in the 
form of lens start drive means A2 and lens stop drive means 
A3 collectively responsive to switch means Al for operating 
5 motor A12 such that movement of the lens from its initial to 
its final position always occurs after lens All travels to 
its final position in a predetermined direction. This is 
illustrated schematically within block LX. 

This arrangement will accurately position the lens at 

10 the final position by always taking into account, to the 
same degree, any backlash in drive system A13. that connects 
motor A12. to lens All. 

The camera according to the present invention can be 
controlled variously according to information, automatically 

15 detected, concerning changes in focal length of the zoom 
lens in lens barrel block 1, changes of the open ? value due 
to changes in focal length, and changes in lens position 
which can vary from the wide-angle or telephoto terminus, 
retraction position to macro-photographic position. For 

20 detecting lens position, code sheet SO,- shown schematically 
in Fig. 5, is fixed to the outer circumference of cam ring 
14 of lens barrel block 1. Fixed frame 91 located adjacent 
ring 14 carries a plurality of brushes 92 which sliding by. 
. contact the code sheet 90. 

25 Fig, 29 is a development plan of code sheet 90, showing 

the relationship of the conductive portions on code- sheet 90 
to cam profiles of zooming cam grooves 20 and 21 in the cam 
ring 14, and the cam profiles of cam grooves 55, 56 and 57 
in a cam plate 53 which are depicted above the development 

30 plan of the code sheet. Brushes 92 include common terminal 
C, and terminals TO, Tl, T2, and' T3 . When terminals TO to 
T3 are in contact with conductive lands 93 of the code sheet 
90, a "0". signal is produced. When they are not in such 
contact, a "1" signal is derived. The angular position* of 

3 5 cam ring 14 is detected from a combination of these "0" and 
"i" signals. Reference numeral 9 4 indicates a conductive 
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region isolated from Idnds 93 by a non-conducting region. 
The information TO, Tl, T2 and T3 is given as zoom code data 
ZPO/ ZPl, SP2 and 2P3 to a zoom cods encoder. Fig. 3 0 is a 
table showing the combinations, of zoom code data "1" ancd 
5 "0", In the embodiment of Fig. 5, the angular position 
(POS) of the cam ring 14 is divided into 13 steps ranging 
from "0" to "9" through "A", "B", and "C". (hexadecimal 
number) . "Position "0" corresponds to locking position LOCK 
and position "C" corresponds to the macro-photographic 

10 position (MACRO) . Intermediate these positions are 
different focal-length* positions ranging from fO to f 7 • . 
The positions are also depicted at the bottom of code sheet 
90 in Fig. 29. • As seen in Fig. 30, the zoom code data is a 
Gray code in that one and only one bit changes from position 

15 to position. 

The detail of "POS" are described below: 
POS 1: The - transition "from the "LOCK" position t-o 
"WIDE" terminus position is detected by a change from "1" to 
"0" in the data derived from brush T2 . Strictly speaking, 

20 the "LOCK" position is not "POS 0" but a point between "POS 
0" and "POS 1". However, when the camera is in the "LOCK" 
position, the brush is in "POS 0" which is very close to 
"POS 1". Similarly, the transition from "KIDE" terminus to 
variable magnification "fO" is a point between "POS 1" • and 

25 "POS 2" and is detected by a change data from "0" to "1" in 
the -data derived from brush TO. However, "POS 2" of brush 
S2 is very close to "POS 1". Accordingly "POS 1" connotes 
a range in which cam ring 14 moves from the "WIDE" terminus 
to "LOCK" -and. vice versa, and from "WIDE" terminus to "fO". 

30 POS f 7 ' : This zone is provided for absorbing the 

backlash of cam ring 14 (lens system). As shown in Fig. 45, 
and as described in detail below, during rotation of the cam 
ring from "POS 0" toward "POS C", the cam ring halts 
immediately when a stop signal is given (i.e. when the zoom 

35 switch is turned OFF). On the contrary, during rotation of 
the cam ring from "POS C" toward "POS 0", cam ring 14 
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reverses only after it overruns a selected position by a 
predetermined displ acenient and then it halts at a first 
changing point of "POS". •• ' . 

"POS f 7 ' " is the ''TELE" terminus , and accordingly, when 
5 cam ring 14 is in "TELE" .terminus ("TELE" zone: a zone in 
which the camera operates at the exposure of "TELE") r the 
brush is in "POS A" which is very close t'o "?0S 9", Focal 
length information, or the F number information, is fed to 
the shutter by the code plate and the brush. Accordingly, 

10 the same focal length information is jfed at the "TELE" zone 
and the "TELE" terminus. This is the reason that "POS 9" is 
represented by "f7", and "POS A" is represented by "fV" to 
distinguish it from "f7". The zone of |'f7'" is very small 
and accordingly the zone of "F7;^" can be basically 

15 considered identical to "TELE" terminus. 

PCS B: This zone is provided to distinguish the 
transition between "KACRO" and "TELE" terminus, and "TELE" . 
terminus and "POS 7'". - 

POS 2 - POS A: These represent the zooming range of 

20 the lens and intermediate focal lengths consist of a 
plurality {nine in the illustrated embodiment) of focal- 
length steps. 

The CPU checks the code . information and setting 
positions of the various switches as soon as power is 

25 applied. If the mode changing switch is in "ZOOM", and the 
cam ring is located in any of "POS 2" - "POS A", no zooming 
is necessary. If the mode changing switch is in a position 
other than "ZOOK",- namely * in any one of "LOCK", an 
intermediate position between "LOCK" and "WIDE", an 

30 intermediate position between "TELE" and "MACRO", or 
"KACRO", and is then changed to ZOOM, zooming operation is 
immediately effected. The same is true when the switch is 
changed to- "ZOOM" during reverse rotation of the zoom motor, 
independently of whether the zoom code is within the range 

35 of "POS 2" = "POS A" which is the range in which zooming can 
be effected. If the zoom code is out of this range, no 
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picture can be takeri/ and accordingly, the cam ring is moved 
to the zooming position. In other words, "POSl" and "?0S B" 
are positions in which the cam ring is prohibited from 
stopping, and in which a picture cannot be taken. 
5 The rotation of cam ring 14 is controlled by mode 

changeover switch 101 and zoom .switch 102. Figs. 31 to- 33 
show, a typical layout of switches 101 and 102 on the camera 
body. Reference numeral 99 indicates a multi-position 
-button; when depressed to its first step, light-measuring 

10 switch 103 (see Fig. 36) is turned on; and further 
depressing, to the second step turns on release switch 123 
(also see Fig". 36) . 

The control system for the camera is described in 
detail below in reference to Figs. 36 and 41, but first, 

15 a brief overview of the control system is provided. 

Mode changeover switch 101 is a transfer switch which, 
can take three positions LOCK, 200K and KACRO, As shown in 
Figs. 3 3 to 35, when macro-photographic button 101a is not 
pressed, switch lever 101b can be shifted between LOCK and 

20 ZOOM positions. By sliding switch lever 101b onto macro- 
photographic button 101a with the latter kept pressed, luode 
changeover switch 101 takes the KACRO position. When the 
mode changeover switch is at the LOCK position, the shutter 
cannot be released and ..zooming operation- is not ' possible . 

25 With mode changeover switch 101 is set at the ZOOM position, 
the shutter can be released, and zooming operation is also 
possible. When switch 101 is set at the MACRO position, the 
shutter is releasable but zooming operation is not possible. 
Fig. "42 shows an example of another zoom switch in which 

30 pressing the wide-angle button W and telephoto button T, 
respectively, will cause the lens to move to the zoom and 
wide-angle positions, respectively. 

When released, zoom switch 102 takes a neutral position 
(OFF). When a force is applied in different directions, the 

35 switch is turned on and the setting is changed to either the 
WIDE, "or the TELE positions, depending upon the direction of 
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the force. Operating switch 102 will cause zoom motor 5 -to 
rotate in either forward and reverse directions, according 
to the setting of the switch. 

Mode changeover switch 101 and Eooming switch 102 cause 
5 the camera to work as. is described below. 

(1) Moving mode changeover switch 101 to LOCK position 
causes zooin inotoi- 5 to rotate in the reverse direction. Whan 
the position (POS) of cam ring 14 detected by the code sheet 
90 and brushes 92 becomes "0" (see Figs. 29 and 30), zoom. 

10 motor 5 is stopped. 

(2) Moving the mode changeover switch 101 to MACHO 
position causes zoom motor 5 to rotate in the forward 
direction. When POS - "C" (see Figs 29 and 30), zoom motor 
5 is stopped, 

15 (3) Moving the mode changeover switch 101 to ZOOM 

position. 

If zoom switch 102 is set at the WIDE position, zoom 
motor 5 rotates in the reverse direction while the zoom 
switch is on^ and cam ring 15 moves rearwardly. If the mode 

20 changeover switch 101 remains set to the WIDE position, 
after POS becomes "1" (see Figs. 29 and 30) / zoom motor 5 
keeps rotating in the reverse direction for a short time. 
The rotation is reversed, and motor 5 rotates .in the forward 
direction until POS becomes "2", at which point motor 5 is 

25 stopped. 

If switch 102 is set to the TELE position, zoom motor 5 
rotates in the forward direction while the switch is on. 
While switch 102 remains-the TELE position, cam ring 14 
moves forwardly until POS = "A" (see Figs. 29 and 30) and 
30 zoom motor 5 is stopped. 

If zoom switch 102 is turned off (at the neutral 
position) while zoom motor 5 is rotating foarwardly in the 
TELE direction, the motor is immediately stopped. If- 
switch 102 is turned off while motor 5 is rotating 
35 rearwardly in the WIDE direction (reverse) , the motor is 
stopped only after it has been reversed and allowed to 
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rotate in the forward direction for a short tinie. This 
forward rotation is intended to eliminate mechanical 
backlash in the lens drive system barrel block 1 and finder 
block 2 in order to eliminate a* difference between the stop 
5 positions of motor 5 when rotating in the WIDE and TEL2 
directions; respectively. 

Referring now to Fig. 36, zoom motor control unit loO 
(referred to' as '^ZM/C" hereinafter) is composed of, for 
exainple> a single-chip microcomputer having therein a 
10 program memory (ROM) in which the programs described below 
is stored. 

ZM/C 100 is supplied with switch data from mode 
changeover switch 101, z'oom switch 102, distance-measuring 
switch 103, and zoom encoder 104 (shown as a switch 

15 equivalent circuit) . It , also receives, from main control 
unit 109 (referred to as "MC/U" hereinafter) , zoom motor 
disable signal DIS, serial data transfer clock CLK, and 
serial signal SI which carries switch checking/ operation 
terminating data which is described below. 2M/C 100 

20 supplies rotation control command RCH to zoom motor drive 
circuit 107 which controls zoom motor 5, and delivers to 
MC/U 1.09 a power-hold signal PH to turn on/off MC/U 109 and 
serial signal SO .carrying zoom encoder data, SPO to ZP3 from 
zoom encoder 104. 

25 Mode changeover switch 101 generates two signals, LOCK 

and MACRO as shown in Table 1 according to the 
aforementioned three positions LOCK, ZOOM and MACRO. 

Table 1 

Sicmal Name 

30 Position Lock Macro " 

Lack * (ON) (OFF) 

Zoom OFF OFF 

Macro OFF ON 

Zoom switch 102 takes the three positions WIDE 
3 5 MOMENT^^JIY, OFF, and TELE MOMZNTAi^Y , 

'Light-measuring switch 103 is actuated (to produce a 
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10 



15 



20 



25 



30 



signal SWS) vhen release button 99 is pressed to the first 
step to initiate operation of distance-measuring device 120 
(coBprising light-emitter 3 and photo-dectector 4 as 
iTiantioned previously-) and light-measuring device (A/E) 121. 

Zoom encoder 104 converts the angular position of cam 
ring 14 to zoom codes ZPO to 2?3 by means of code sheet 90 
and brushes 92, and supplies the codes to ZM/C 100. 

The switch scan control process effected through the 
terminal BSC is -such that a high voltage "K" is developed at 
this terminal only when the above-mentioned input from each 
switch is checked, and a- low voltage "L" is developed in 
other than the checking mode to reduce power consumption. 

Voltage regulator 105 is supplied from battery 106 to 
supply the required drive voltages to ZM/C 100. 

Zoom motor drive circuit 107 may be configured, for 
example, as shown in Fig. 37. The operation of this circuit 
is based on a rotation control command RCM of 4 bits (FOWN-, 
FOWP, REVN and REVP) from ZH/C 100 for ' controlling rotation, 
and to stop zoom motor 5 as shown Table 2 and 3 where "ON" 
corresponds to a "1" in Fig. 30, and ."off" corresponds to a 
"0". 



35 



Forward Run 

FOWN 

1 

2 ON 
3 

4 ON 
5 



Reverse Run 

FOWN 

1 

2 OFF 
3 



Table 2 

FOW? R5VP RSVN FUNCTION. 

OPEN 

ON OFF OFF RUN FORWARD 

OPEN 

OFF OFF ON BRAKE 

OPEN . 

Table 3 

FOV?P REV? REVN FUNCTION 

OPEN 

OFF ON ON RUN FORWARD 

OPEN 
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4 ON OFF OFF ON BRAKE 

5 OPEN • 

MC/U 109 maybe composed of, for example, a single-chip 
5 microcomputer, and performs the following functions by 
executing the programs stored in an internal, program memory 
thereof: 

(1) control of the rotation of film takeup motor 111 
through takeup drive circuit 110; 
10 (2) ■ driving and control of shutter block 23 through 

driver 112; 

(3) control of various display indicators 115 through 
driver 114 ; • 

(4) control of strobe unit 117 (strobe circuit 
15 includes xenon light-emitting tube 58) through interface 

116; 

(5) outputting of zoom motor disable signal DIS to 
ZK/C 100 through interfaced 118; 

(6) outputting of serial transfer clock CLK through 
20 interface 118; 

(7) outputting, through interface 118, of serial 
signal SI which carries switch checking/operating 
terminating data described below; and 

(8) keeping regulator 12 4 in operation, 

25 For the- purpose of performing the above-mentioned 

functions, NC/U 109 is supplied with switch data from takeup 
motor control switch 119 ox the film rewinding switch, rear- 
cover switch, etc, measured light data from the light- 
measuring device 121, detected distance data from distance- 

30 measuring device 120,- film sensitivity setting or film 
sensitivity data from automatic film sensitivity read (ISO) 
122, switch data SWR.from release switch 123, etc. 

MC/U 109 causes voltage regulator 124 to keep 
operating, or started/stopped depending upon the existence 

35 of power hold signal supplied through interface 118. In 
addition, regulator 124 is also put into operation with the 
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switch data from takeup motor control switch 119; and, when 
it is in operation, voltage regulator 124 supplies req^jired 
power to various circuits of the main control system except 
for the zoom control system. 
5 Referring to the flow charts shown in Figs. 38 to 41, 

the operation of ZM/C 100 is explained below together with 
the programs stored in the ROM of ZM/C 100. 

Referring to Fig. 38, SI carries out an initialisation 
process as ZM/C 100 is energized' . through regulator 105 by 

10 battery 106 contained in a battery case (not shown). At S2, 
the CPU effects a switch scan control process, detecting the 
state of each> 'of mode changeover switch 101, zoom switch 
102^ lightrmeasuring switch 103, and zoom encoder 104. 
Thereafter, - S3 checks the status of lights-measuring switch 

15 103. If light-measuring switch 103 is ON, the CPU. repeats 
the processes at S2 until light-measuring switch 103' is OFF. 
When light-measuring switch 103 is found to be OFF, the CPU 
advances the process to S4 where the status of zoom motor 
disable signal DIS is checked. If this signal is present, 

20 (i.e., DIS in ON, or DIS = "1") the process is advanced to 
S5; but if the signal is not present, (i.e., DIS = "0"), the 
process is advanced to S3. 

Zoom motor disable signal DIS is provided for the 
purpose of prohibiting simultaneous operatidn'of takeup 

.25 motor 111 and zoom motor 5 in order to reduce power 
consumption and prolong the life of battery 106.. Thus MC/U 
109 turns on disable signal DIS only when HC/U 109 is 
actuated by takeup motor control switch 199 to enable 
operation of takeup motor 111. When zoom motor disable 

•30 signal DIS is "on, power hold signal PH is turned on (for 
example, "1") . The purpose of the output of power hold 
signal. PK at S5 is to effect operation of takeup motor 111 
at the time of MC/U 109 is actuated by takeup motor control 
switch 119, rather than to let operation of motor ill take 

35 place unconditionally. In other words, operation of motor 
111. "can take place only after permission is given by the 



power hold signal supplied from the ZK/C 100. In this way, 
zoom motor 5 and takeup motor 111 cannot, rotate' 
simultaneously. 

At S6, the process is suspended until disable signal 
DIS from MC/U 109 turns off; i.e., until the rotation 
control of takeup motor 111 by HC/U. 109 terminates. When 
zoom motor disable signal DIS turns off, power hold signal 
PH is turned off (for example, "0^*).' At S7, which detects 
when DIS is off, regulator 124. is- turned off, and the the 
process is reset to S2. Even after regulator 124 is turned 
off, not all power supply stops. For example, power is 
still s supplied to indicator 115. 

When the process has advanced to S4 and signal DIS is 
off, the process then advances to 88 w;here a switch scanning 
procedure is carried out similar to the procedure at S2- 
The process then advances to S9 where a POS conversion is 
effected in order to detect the POS values (refer to Figs. 
2 9 and 30) from the zoom encoder, and the zoom code ZPO to 
ZP3. At SIO, the state of mode changeover switch 101 is 
tested for the states "LOCK", "ZOOM" or "KACKO" , which had 
been determined previously at SB, If the position is 
"LOCK", the process is advanced to Sll; if it is "ZOOM", to 
814; and if it is "MACRO", to 816. 

If the state of switch 101 is "LOCK", Sll tests whether 
the- POS conversion at S9 yields POS - 0. If so, the process 
is reset to 32, otherwise the process is advanced to .812 
which applies the appropriate signals to drive circuit 107 
to effect reverse rotation of motor 5 (refer to the rotation 
control command in Table 3). A mode subroutine, described 
below, is then executed at S13, and the process is reset to 
82 thereafter. 

If the state of . switch 101 is "ZOOM", S14 tests whether 
the POS conversion at 59 yields POS ^1. If so, the process 
advances to 817 to enable zoom motor 5 to rotate in the 
forward direction (refer to the rotation control command ' in 
Table 2), A mode subroutine described below is then 
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executed at S13, ^nd the process is reset to S2 thereafter. 

In POS > 1, S15 tests whether the POS conversion at S9 
yields POS > B. If so, the procedure advances to S12 where 
a mode subroutine described below is then executed at S13^ 
5 and the process is reset to 52 thereafter; otherwise, the 
process advances to S18. 

If the state ©f switch 101 -is "MACRO", S15 tests 
whether the POS conversion at S9 yields POS = C. If so, the 
process jumps to 322; but if POS = C, the process is 
10 advanced to S17 to enable forward rotation of zoom motor 5. 
■ A mode subroutine described below is then called and 
executed at S13, and thereafter the process is reset to S2. 

At S18, the state of zoom switch 102" is checked based 
on the switch screen at SS. If this switch is set to TELE, 
15 the TELE subroutine described below is called and executed 
at 319, and the process is reset to S2. If the switch is 
not set to TELE, the process advances to S20. 

At 32 0,, the state of zoom switch 102 is checked based 
on the switch scan at SB. If this switch is set to WIDE, 
20 the WIDE subroutine described below is called and executed 
at S21, and the process is reset to S2, . If the switch is 
not set to WIDE, the process advances to S22 where the state 
of light-measuring switch 103 is checked based on the switch 
scan at S8.- If switch 103 is not turned on, the process is 
'25 reset to S2; otherwise the process advances to S23. 

Processes SI to 322 are main processes; and before 
explaining- the processes at 523 and those that follow, the 
operation of the camera is described as are the mode 
subroutine at S13 , the TELE subroutine at S19 and the WIDE 
3 0 subroutine at 32 1, 

MODS SUBROUTINE OF FIRST EMBODIKENT 
Referring to the flow chart of Fig. 39, the mode 
subroutine is detailed. The flow chart, and others that 
follow, utilize a flag stored in a register in the P^AM of 
35 ZM/C 100, the- flag being designated Fwide. When this flag 
is reset to 0., this connotes that the angular position of 
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cam ring 14 is such that the lens system of the camera is 
located at a position other than its wide angle terminus 
position adjacent a transition to its variable magnification 
position (see Figs. 29 and 30). In such position, POS = 2 
and the lens system is* set at fO; 

At S130, the CPU of 2K/C 100 resets flag Pwide to "0", 
and then effects sequential processes a-t S131 and S132 
similar to those carried out previously at S8 and S9, 
respectively. Subsequently, at S13-3, the state of mode 
changeover switch 101 is determined based on the switch scan 
at S131. The process then advances to S134 if switch 101 is 
in "LOCK" position, to S138 if the switch is in "KACRO" 
position, or to S142 if the switch is in '.^ZOOH" position. 

If switch 101 is set to "LOCK", the process advances to 
S134 which tests whether the POS conversion effected at S134 
has produced POS = 0., namely, -the LOCK position- if the 
result of this test is POS = 0', the process, advances to 513 5 
which stops rotation of zoom motor 5 (refer to the rotation 
control command RCM in Table 3) because the motor can be 
rotating only in reverse (due to S12) , and a return process 
is then executed returning the program to S2 (Fig. 38) . On 
the other hand, if the result of test S134 is POS f 0, zoom 
motor 5 may be operating in either its forward or reverse 
directions, and the process advances" to S136 which checks 
whether the motor ...is operating in its reverse direction.- If 
it is, the process is reset immediately to S131; otherwise 
(due to. 317) , the process advances to S137 which causes ZM/C 
100' to issue a rotation control command that causes the 
motor to operate in the reverse direction; and thereafter 
the process is reset to S131. 

If switch 101 is set to "KACRO", the advance to S138 
tests whether the POS conversion effected- at S132 has 
produced PaS.= C, i.e., the MACRO position. If so, the 
process advances to S139 which . effects braking of zoom motor 
5 (refer to rotation control command RCM in Table 2) because 
the. motor can be rotating only in its forward direction and 
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a return process is then executed returning to S2 .(Fig. 38). 
If POS = zooro lector 5 Bay be rotating either forwardly or 
in reverse, and the process advances to- S140 which checks- 
whether the motor is operating in its forward direction. If 
5 it is, the process is immediately reset to 5131; otherwise, 
the process advances to S141 where zoom motor 5 is commanded 
to rotate in the forward direction before the process is 
returned to S 131. 

If switch 101 is set to "ZOOM", the process advances to 

10 S142 which tests whether the POS conversion effected. at S132 
has produced POS ^ A, POS ^ 1 or 2 ^ POS ^ 9. The process 
advances to S 14 3 if POS ^ -1, to S153 if 2 ^ POS ^ 9, and to 
S157 if POS ^ A. 

Recalling that entry into the mode subroutine can occur 

15 with the motor rotating in . either forward or reverse,' the 
direction of rotation is tested in the procedures that 
follow. If the POS conversion at S132 is such that POS ^ 1, 
th.e process advances to S143 at which a test is made to 
determine if zoom motor 5 is rotating in the forward 

20 direction. If so, the process jumps to S146; otherwise, the 
motor is rotating in the reverse direction and the process 
advanc es to S144 where a standbv orocess- is carried out for 
a predetermined period of time, t msec, for a reason 
described below. After a" delay of t msec, the process 

25- advances to S145 where a comiTiand is issued to motor 5 to 
reverse direction and rotate in the forward direction. 
After this command, the process advances sequentially to 
S146 and S147. 

At S14 6 and. S147, processes similar to those carried 

30 out at SB and 59 in Pig. 38 take place to scan the states of 
the switches and to effect position conversion. Thereafter, 
. at S148 and S149, the state of switch 101 is decoded to 
detect whether the . operator has. changed switch 101 from 
"ZOOM", to "LOCK" or to "MACRO". The current state of 

35 switch 101 is based on the switch scan at S146. If switch 
101. has been changed to "LOCK", the process is reset to 
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S134. On the other hand, if switch 101 has been changed to 
"MACRO", the process .is reset to S138. If switch 101' 
remains "ZOOM", the process advances to S150. 

S150 tests, whether the PCS conversion at S147 yields 
5 POS « 2. If so, the process is reset to S146; otherwise, 
the process advances to S151. Recalling that at POS ~ 2, the 
lens system. is located at its wide angle terminus , S151 sets 
flag Fwide to "1" and the procedure advances to S15 2 whsre 
zoom motor 5 is braked by a suitable cozrunand (see' Table 2) 
10 and stopped. Thereafter, the process -is reset to S2 (Fig. ■ 
3S). 

If the POS conversion at S13 2 is such that 2 ^ POS ^ 9, 
the process advances to S153 which tests whether zoom motor 
5 is rotating in the forward direction. If so, the process 

15 jumps to S156 which causes ZM/C 100 to issue' a brake command 
that stops the zoom motor; thereafter, reset to S2 occurs. 
•On the other hand, if zoom motor is rotating in the reverse 
direction, the process advances to S154 where a command to. 
rotate motor 5 in the forward direction is sent; and 

20 thereafter, the process advances to S155 where a standby 
process is carried out for a predetermined period of time, t 
msec, for a reason described below. After an elapse of t 
msec, the process advances to S15 6 where a command to brake 
and thus stop zoom motor 5 is sent. Thereafter, reset to S2 

2 5 (Fig. 38) occurs. " - 

If the POS conversion at S132 is such that POS ^ A, the 
process advances to 5157 which tests whether zoom motor 5 is 
rotating in the reverse direction. If it is, the process 
jumps to 3159; otherwise, the process advances to S158 at 

3 0 which a command is issued to rotate motor 5 in the reverse" 

direction; thereafter, the process advances to S159. 

At S159 and S160, process similar to those for S8 and 
S9 in Fig. 38 are carried -out; . and thereafter, at S161 and 
S162, processes similar to the processes for 5148 and 5149 
35 are carried out. 

•If mode changeover switch 101 remains in "ZOOM" 
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position (as originally ascertained at S159; which is to say 
that the process advances through S161 and S162) S163 tests 
whether zoom motor 5 is rotating in the reverse direction. 
If so, the process advances to S164; otherwise the process 
5 advances to S167. 

S164 tests whether the POS conversion at S150 resulted 
in POS = 9. If SO/ the process is reset to S159; otherwise, 
processes siinilar to processes carried out 'at S144 and S145 
are effected at S165 and S166, and the process is thereafter 

10 reset to S159. 

If the process has. advanced to S167 because the motor 
had" been operating in the forward direction when S163 was " 
executed, a" test is carried out to determine whether the POS 
conversion at S160 yields PCS = A which is indicative .of 

15 wheth.er telephoto terminus ( f 7 ' in Fig. 30) has been 
reached. If POS = A, the process is reset to S159; 
otherwise, the proces's advances to 51-58 at which a command 
is issued to stop zoom' motor 5. Thereafter, the process is 
reset to S2 (Fig. 38) . 

20 TELS SUBROUTINE OF rIPST EMBODIMENT 

The flow chart of Fig. 40 details the TELE subroutine* 
At S190, the CPU of 2M/C 100 resets wide-angle terminus flag 
Fwide to "0", and the process advances to 5191 where the 
result of the POS conversion at S9 (Fig. 38) is ..tested for 

25 POS = A. If POS = Kr the process is immediately reset to S2 
(Fig. 38); otherwise, the process advances to S192 to effect 
forward rotation of zoom motor 5. Thereafter, the process 
sequentially advances to S1S3 to S196. At S193 and S194, 
processes similar to those of S8 and S9 (Fig. 38) are 

3 0 carried out. At S19 5, the result of the POS conversion at 
S19 4 is tested for POS = A. If POS = A, the process jumps 
to S197 where braking and stopping of zoom motor 5 occurs; 
" and thereafter the process is reset to 52 (Fig. 38) . -If POS 
f A, the process advances to S196 which tests whether zoom 

35 switch 102 has been changed from "ZOOM'' to "TELE*' based the 
switch scan at S193. If switch 102 has been changed to 
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"TELE", the process is reset to S193; otherwise; the process 
advances to S197 where zoom motor 5 is caused to stop. 
Thereafter, the process is reset to S2 (Fig. 38). 

WIDE SUBROUTINE 0£ ?I?.ST EMBODIMENT 
5 The flow chart of Fig, 4 details the WIDE subroutine. 

At S210, the- CPU of ZM/C 100 tests whether wide-angle 
terminus flag Pwide has been set to Fwide = 1. The test is 
to determine if motor 5 -has stopped -at the wide-angle 
terTninus. If Fwide = 1, the process is immediately reset . to 

10 S2 (Fig. 38) ; otherwise, the process advances to S211. 

At S211, zoom motor 5 is commanded to rotate in the 
reverse direction, and the process advances to S212 which is 
a standby -process that delays advance of the* process to S213 
for a predeteriTvined period of time, t msec, for a reason 

15 described below. After the elapse of t msec, processes 
similar to those for S8 and S9 (Fig. 33) are effected at 
S213 and S214 before the process advances fo S214 where the 
POS conversion at S214' is tested for POS =1. If POS = 1, 
the process sequentially advances to S216 and then to S217; 

20 otherwise, the process advances to S223. 

At S216 and S217, processes similar to the processes of 
• S144 and S145 (Fig. 39) , respectively, are executed before 
the process advances sequentially to S218 and S219, where 
processes similar .to the processes of S9 and S9 (Fig. 38) 

25 are executed - 

After the position conversion procedure of S219 is 
executed, the process advances to S220 which tests whether 
the POS conversion at S219 is POS =2. If POS = 2, the 
process is reset to S218; otherwise a procedure is executed 

30 at S221 to set the wide-angle terminus flag Fwide to "1", 
followed by the execution of procedure S222 which brakes and 
thus stops rotation of zoom motor 5. The process is 
thereafter ■ reset to 52 (Fig. 38), 

If the test at S2i5 finds POS f "^^^^ process advances 

35 to S223 to check whether zoom switch 102 has been changed 
from WIDE as detected at S214. If switch 102 is still set 
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to WIDE, inotor 5, which is operating in reverse, drives the 
lens mount to ?0S =1. If switch 102 is not set to "WIDE", 
the process advances sequentially to S224, S225 and S226, 
where procedures similar to procedures carried out at S155 
5 and S156 (Fig. 39), respectively, are effected. Thereafter, 
this process is reset to S2 (Fig. 38). 

OPEKATION OF FIRST EMBODIMENT 
The effects of the processes at SI to S22 in Fig, 38, 
and those in Figs. 39 to 41 is explained below. 
10 ' (1) Battery 106 is connected and none of the following 

switches are manipulated: takeup motor control switch 119, 
shutter release button 99 (and switch 123), and zoom switch 
102. 

a) If mode changeover switch 101 is set to LOCK 
15 position, the CPU of 2M/C 100 carries out the initialization 

process at SI in Fig. 3 8 and thereafter repeats processes 
according to the first loop S2 to S4, SB to Sll and S2 on 
the condition that the rotational position of cam ring 14 
(that controls the motion of the front lens group LI and 

2 0 rear lens group L2) is PCS = 0; and no camera operations 

take place. If, during the above processes, shutter release 
button 99 'is pressed to close switch 123 and to close 'light- 
measuring switch 103, the processes for 82 and S3 are 
executed repeatedly until switch 103 opens; and the 
25 operation, of the shutter release button '99 is disregarded. 

If the rotational position of the cam ring 14 is POS f 
0, the process at S12 in Fig« 38 effects reverse rotation of 
zoom motor 5 which continues during repetitive execution of 
processes S131 to 3134, S1326 and S131 until cam ring 14 has 

3 0 moved to POS =0. At this point, the process is reset to 52 

of the first loop. 

b) If mode changeover switch 101 is changed from 
LOCK to 200M position, the CPU of ZM/C 100 executes the 
first loop and then advances the program to 817 causing zoom 

35 motor 5 to rotate forwardly, and the process sequentially 
advances through S130 to S133, and S142 (Fig. 39), and then 
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• to S143, S146 and S147 on condition that mode changeover 
switch 101 is not changed from ZOOM to either LOCK, or to 
MACRO when procedures S14 8 and S14 9 are executed. Loop SI50 
and S14 6 to S14 9 is executed until PCS == 2; and when this 
5 condition is detected at S150, zooming motor 5 is braked to 
a stop .at S152 through S151 before the process is reset to. 
S2 (Fig- 38). In other words, the rotational stop position 
of cam ring 14 is the wide-angle terminus (PCS = 2) where 
the focal length shown in Fig. 3 0 is Iq, 
10 After the process is reset to S2 , the CPU of ZM/C 100 

repeats processes according to second loop S4 , S8 to SIO, 
S14; S15, S18, and S4" on condition that no further switch 
manipulations are made. 

c) If switch 101 is changed from ZOOM to KACKO 
15 position when cam ring 14 has stopped at the wide-angle 

terminus (i.e., PCS = 2) , the CPU of 2M/C • 100 causes the 
program to exit the second loop at SIO., and to advance to 
S16. Because POS = 2 at that time, the process at S17 
causes zoom motor 5 to rotate in the forward direction, and 

20 the sequential processes of S131 to S133, S138, S140 and 
S131 (Fig. 39) are repetitively executed until POS = C is 
detected, at which time procedure S139 brakes motor 5 to a 
stop. When POS = C, the process is reset to S2 (Fig. 38), 
and the processes according to a third loop of S4, SS to 

25 SIO, S16, S22 and S4 repeat on condition that no further., 
camera manipulations are made. 

d) If mode changeover switch 101 is changed from 
MACRO ro ZOOM position, the CPU of ZM/C 100 causes the 
program to exit third loop at SIO, and to sequentially 

30 advance through S14, S15 and S12, because POS = C at that 
time. The execution of procedure S12 causes motor 5 to 
rotate in reverse; and thereafter, the procedures of S131- 
S133, S142, S157, S159 and S160 are sequentially executed. 
On condition that mode changeover switch 101 remains in ZOOM 

35 position, the process drives cam 14 to POS = 9 by executing 
loop'si63, S164, and S159 to S163. When POS = 9 is detected 
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at 5164, a t msec delay occurs at S165 and at S166, after 
which the rotation of zoom motor 5 -is changed from reverse 
direction to forward direction. The purpose" for procedures 
S165 and S166 are described below, 
5 Changing switch 101 from KACRO to ZOOM position, causes 

cam ring 14 to stop at PCS « A. from the POS = 9 side. If 
scorn motor 5 were to stop at POS « A by having its rotation 
change from reverse direction to forward direction 
immediately after reading POS = 9 from POS = A, there is the 

10 possibility that backlash due to the gearing of the drive 
and transmission system associated with zoom motor 5 will 
prevent proper positioning of cam 14 . By having zoom motor 
5 continue to rotate in the reverse direction for t msec 
after detection of POS ~ 9, and by thereafter- rotating motor 

15 5 in the forward direction, motor 5 can be stopped precisely 
at POS - A under the condition that backlash on the forward- 
rotation side is removed. Procedures 165 and 166 achieve 
this result. After the motor is commanded to run in the 
forward direction by executing the procedure at S16S, the 

20 program will drive cam 14 to POS - A by executing' loop S159 
to S163, S167 and S159. When POS = A is detected at S167, 
the process advances to S168 where the motor is braked and 
stopped. Thereafter; the process is reset to S2 (Pig. 38). 
After the process is reset to S2, cam ring 14 will be 

25 its telephoto- terminus (POS = A) where the focal length 
shown in' Fig. 30 is f 7 ' . -The cam ring will remain in this 
position, which is the' same as described in. Item (b) above, 
on condition that no switch manipulations are made, after 
the process is reset to S2 because the second loop is 

3 0 repeatedly executed. 

Switch 101 may be changed from MACRO to ZOOM position 
during the loop process :S131~S133, S138, S140, S141, S131 
while cam ring 14 is at a position corresponding to POS = A 
and the motor is running in the forward direction. In such 

35 case, branching to S157 occurs as S142. in branch S157, the 
process at S15S causes zoom motor 5 to reverse its direction 
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of rotation and begin to run in the rev.erse direction. 

(s) If mode changeover switch 101 is changed 
from ZOOM to KACRO position when cam ring 14 is stopped at 
its telephoto terminus (PCS = A) , the process that follows 
5 will be similar to that described in item (c) above with t:he 
exception that the starting point is POS = A instead of pos 
= 2. 

(f) The tests performed at S148, S149, S161 and 
S162 (rig. 39) mentioned in the descriptions in items (b) to 

10 (d) above, determine whether mode changeover switch 101 has 
been changed from ZOOM to LOCK; or to KACHO position. If 
the change is to LOCK position, the branch beginning at S134 
is entered and the procedures S13 6> S137 are executed until 
cam ring 14 stops at POS = 0? thereafter, reset to S2 

15 occurs. If the change is to KACRO position, the branch 
beginning at Si38 is entered and the procedures' S140, S141 
are executed until cam ring 14 stops at POS = C; thereafter, 
reset to S2 occurs. 

(g) If mode changeover switch 101 is changed to 
20 the ZOOM position while cam ring 14 is at a position 

corresponding to 2 - POS - 9 during either the loop 
processes of S131 to S133, S1389; S140, S141 and S131 (Fig. 
39)^ or the loop processes of S131 to S137 and S131 (Fig. 
39), the CPU of ZM/ClOO branches in the program occurs ' at 

25 S133,- and the process advances to S142' and then to S153. 

.If . zoom motor 5 is rotating in the forward direction, 
the process jumps from S153 to S156 where zoom motor 5 is 
immediately braked to . a stop, and the process thereafter 
returns to S2. On the other hand, if zoom motor 5 is 

3 0 rotating in the reverse direction, the process advances to 
S154, where a delay of t msec occurs to remove backlash on 
the forward-rotation side, before the process advances to 
S156 where the motor is braked to a stop. The rotational 
position of the cam ring 14, when it stops, will be a 

35 position where the focal length shown in Fig. 30 lies in the 
range f^ to f ^ . While cam ring 14 is in a corresponding 
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position corresponding to 2 ~ ?0S ^ 9; mode changeover 
switch 101 assumes the ZOOM position according to the 
operational specifications of zoom switch 102 a.s will be 
described below, 

5 h) If mods changeover switch 101 is changed from 

LQCK to 200K position when cam ring 14 is located at POS = 1 
while executing procedure 5131-S136 (Fig. 39), zoom motor 5 
will be operating in the reverse direction driving cam 14 
away from POS = 2 which is the desired end point of .cam 14 

10 for' ZOOM mode of operation. The changed switch position 
will be sensed at S133 advancing the process to S142 which 
will advance the process to the branch beginning at S143 
(rig.- 39)* After a delay of t msec, during-which the motor 
continues to rotate in the reverse direction; motor 5 will 

15 begin to operate in the forward direction by sequential- 
execution of the procedures at S144 and S145. The loop 
S146-S150 will be executed until POS = 2 is detected at 
S150. Thus, the wide angle terminus position of cam 14 (POS 
= 2) is reached when motor 5 is running in the forward 

2 0 direction. If motor 5 were permitted to stop at POS 2 by 
reversing its reverse rotation to forward direction 
immediately after cam ring 14 reached POS = 1 from POS - 2, 
there would be a possibility that zoom motor 5 would stop in 
the condition that the backlash of the toothed wheels^ etc.- 

25 of the drive and transmission system of the zoom motor 5 
would still be present. By causing zoom motor 5 to rotate 
in the reverse direction for an additional period of t msec, 
and by causing, zoom motor 5 to rotate in the forward 
direction thereafter, zoom motor 5 can be stopped at POS = 2 

30 under the condition that the backlash on the forward- 
rotation side is removed. 

(2) If motor control switch 119 is changed while the 
CPU of ZH/ClOO is executing a loop process of the type 
described above, the following occurs: 

35 When the CPU of MC/U109 turns on the zoom motor disable 

signal DIS, the CPU will advance the process from S4 to S5 
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in Fig. 33. At So, by turning on -power hold signal PH, HC/o 
109 is enabled to rotate takeup motor 111 whose rotation • 
starts. After MC/U 109 terminates control of takeup motor 
111, and turns off zoom motor disable signal DIS, the CPU of 
5 2M/C100 advances the process from S6 to S7, turns off pover 
hold signal PK-and resets the process to S2. 

Branching from the above described first or second loop 
processes to S4,- and then to S7, prevents operation of 
zooming motor 5 while takeup . motor 111 is operating; and 

10 manipulations of light-measuring switch 103 and shut±:er 
release switch 123 are disregarded at the same time. 

(3) If zooming switch 102 is changed to the TELE side 
while the CPU of ZH/ClOO is executing a process according to 
the above described second loop, the following occurs: 

15 The CPU of 2M/C100 advances .the process from SIB to S19 

in Fig. 38, and calls and executed the TELE subroutine shown 
in Fig. 40. After wide-angle extremity flag FWide is reset 
to "0" at S190, the process advances to S191. If cam ring 
14 is already stationary at the telephoto tenuinus position 

20 (PCS = A) , zoom motor 5 need not be rotated, and the process 
is therefore immediately reset to S2 in Fig. 38. If cam 
ring 14 is located at .any position other than the telephoto 
terminus, (e.g., at 2 ^ PCS ^ 9 when the TELE subroutine is 
called) , the procedure at S192 causes zoom motor 5 to rotate 

25 in the forward direction. Thereafter, on condition that 
zoom switch 102 is not returned to neutral position from the 
TELE side, loop S193 to S196 and Si93 is repeatedly 
executing until cam ring 14 reaches POS = A. When this 
occurs, procedure S197 stops further movement of zoom motor 

30 5, and the process is thereafter reset to S2 (Fig. 38) . 

As above, in the case where zooming switch 102 is 
manipulated to the TELE side, cam ring 14 stops at the 
telephoto £>:tremity if switch 102 is not further changed. 
However, if zoom switch 102 is returned to its neutral 

35 position during movement of cam ring 14 toward the telephoto 
terminus, the process proceeds from S19 5 to S197, and zoom* 
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motor 5 is stopped immsdiatelv. In other words, by properly 
tiiuing the change in zoom switch 102 froB TELE side t.o 
neutral position, caiti ring 14 can be stopped at any. desired 
position {i.e., at any dssired focal length of the lens 
5 system) corresponding to 2 ^ PCS ~ 9 . 

(4) If zoom switch 102 is changed to the WIDE side 
while the CPU of 2M/C100 is executing a process in the above 
described second loop, the following occurs: 

The CPU of SK/ClOO advances the process from S20 to S21 
10 (Fig. 38) , and calls and executed the WIDE subroutine shown 
in Fig-. 41. . At first, the state of wide-angle extremity 
flag rwide is tested at S210; and if Fwide ~ 1, cam ring 14 
reinains at .the wide-angle extremity (POS = 2), and no 
rotation of zooming motor 5 occurs because the process, is 
15 immediately reset to 32 (Fig. 38). If Fwide - 0, S211 
causes motor 5 to rotate in. reverse. 

At S212, a delay of t msec is effected. During this 
delay, motor 4 continues to run in reverse to take into 
account the possibility that "switch 102 will be returned to 

2 0 its neutral position immediately after it is changed to the 

WIDE side. In such case, the amount of reverse-rotational 
operation of zoom motor 5 becomes undefined, and ^there is 
the possibility that the amount of reverse rotation that 
takes place will be too great to be overcome by the 

25 backlash-removing operation due to S224 and S225. 

After the process- at S212 is executed, loop S213-S215, 
S223~S131 is repeatedly executed until cam ring 15 arrives 
at POS = 1^ on - condition that zoom switch 102 is not 
returned from WIDE to neutral position. When POS = 1, 

30 processes similar to the aforementioned processes for S165 
and S166 are accomplished at S216 and S217, and the loop .of 
S218 to 3220 and S218 is processed to remove backlash as cam 
14 is driven to POS =.2. 

When cam ring 14 comes to the wide-angle terminus (POS 

3 5 = 2) , the process advances to S221 where flag Fwide is set 

to "1", and then to S222 where rotation of zoom motor 5 is 
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stopped. Thereafter, the process is reset to S2 (Fig. 3B) , 

As above, if zoom switch 102 is changed to the WIDE 
position, cam ring 14 stops at the vide-angle terminus POS « 
2 if the WIDE position setting is maintained. Of course, if 
5 zoom switch 102 is opened and returns to its neutral 
position during movement of cam ring 14 towards the wide- 
angle terminus, a backlash-removing process similar- to t.he 
aforementioned process at S154 and S155 in Fig. 39 is 
effected at S2 23 to S224 and S225 ; and zoom motor is 
10 subsequently stopped at S22 6. In other words, by returning 
zoom switch .102 from its ZOOM position to its neutral 
position at the appropriate time," cam ring 14 will stop at 
any desired position (desired focal length.)' in the range 2 ^ 
POS ^9. 

15 Turning now to the processes' after S22 in Fig. 38, 

while the CPU of 2M/C 100 is executing a process in the 
above described second loop, actuation of shutter release 
button turns on light-emitting switch 103 {on condition that 
takeup motor control switch 119 does not turn on) , and the 
,20 CPU of ZM/C 100 advances the process from S22 to S23 . 

At S23^ power hold signal ?H is turned on to actuate 
MC/U 109. Next at S24, the presence of zooming motor 
disable signal DIS from MC/U 109 is tested to confirm 
actuation of HC/U 109. If the actuation is confirmed, a 

25 serial-transfer of the result of the POS conversion at S9 is 
made to MC/U 109 at S25. The result of the POS conversion 
(zoom code data) is set in an output register; and the data 
thus set is converted into the serial signal SO 
synchronously with clock CLK supplied from MC/U 109 for 

30 serial-transfer to MC/U 109. The process waits for the 
above-mentioned transfer process to terminate at S26, and 
proceeds to S27 .upon termination. 

• At S27 the transfer. of serial signal SI containing 
switch check/ operation termination data from MC/U 109 is 

35 completed; and at S28, the input data is checked* The 
process advances to S29 if the input data is the operation 
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termination data (power hold turning-off reqtisst data) END 
showing that - the operation of MC/U 109 has terminated; to 
S31 if the input data is light-measuring switch check data 
SWSCHK; or to S34 if the input data is mode changeover 
5 switch LOCK check data LOCKCKK. ' ' 

When the process advances to S29 , power hold signal PH 
is turned off because the operation of HC/U 109 will have 
terminated, and the process advances to 830 where zoom motor 
disable signal DIS from MC/U 109 is turned off. The process 

10 is thereafter reset to S2, ' 

When the process advances to S31, power hold signal PH 
is temporarily turned off in order to inform MC/U 109 that 
switch 103 is " turned on, and the process advances to S3 2, 
where input of data on each switch is 'carried out by a 

15 process similar to the process- at 52/ At 533, a test is 
made to determine if light-measuring switch 103 is turned 
based on the data read at S32. If light-measuring switch 
103 is not turned on, the process waits at S30 for zoom 
motor disable signal DIS to turn off; thereafter, the 

20 process is reset to S2. This signifies that power hold 
signal PH was turned off at S31 in case light-measuring 
switch 103 is off. 

If light-measuring switch 103 is turned on, the process 
advances to S3 6 which tests whether mode changeover switch 

25 101 is positioned at the LOCK position based on the data at 
332.- If mode changeover switch 101 is found to have changed 
to the LOCK position, the process is reset to S2 through S3 
because it is unnecessary to determine ' if light-measuring 
switch 103 is turned on. However, if mode changeover switch 

30 101 is found not to have been changed, power hold signal PH 
is again turned on at S37, and the process is reset to S27. 
In other words, when MC/U 109 tests whether light-measuring 
'•'switch 103 is turned on, the CPU of ZH/C 100 informs MC/U 
109 of that fact by turning on and off the power hold* signal 

35 PH if switch 103 is turned on. 

.'Finally, at 334 to S37 and S30, MC/ 109 is informed 
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whether mode changeover switch 101 is changed to the LOCK 
position. 

The zooth cods data (the result of ?0S conversion) , and 
light-measuring switch 103 turned-on data to be transferred 
5 from ZH/C 100 to MC/U 109 at 523 to S37 is utilized by MC/U 
109 as described below. The zoom code data represents the F 
stop value of the lens which varies according to the 
variable power position. These data are supplied to a 
circuit (not shown) for controlling the. shutter speed of 

10 shutter block 23. 

?0S = C represents the position of the lens at its 
MACRO position. An indication of PCS = C is applied to 
indicator 115 in the viewfinder in case the distance 
measurement data developed by distance-measuring device 120 

15 is not within the KACRO range to provide a visual indication 
to the photographer, and to. disable actuation of shutter 
release switch 123. Finally ^ data indicating that light- 
measuring switch 103 is 'turned-on is available to initiate 
operation of light-measuring device 121. 

20 In the above-described first embodiment^ regulator 105 

is unconditionally actuated at the point when battery 106 is 
mounted in the battery case; however, it is alternatively 
possible, for example, to insert a manually operable switch 
into the power supply line from battery 106 to regulator 105 

2 5 for effecting manual starting of the actuation of ZM/C 100 

by the photographer. 

SECOND EMBODIMENT OF ZOOM L£N5 DRIVE 
Referring how to Fig. 2, reference numeral BIO 
designates, in schematic form, a second embodiment of the 

3 0 present invention which includes zoom lens Bll for a camera 

having a between-the-iens shutter including motor B12 for 
:moving the lens (through a mechanical coupling, not shown) 
in forward rearvard directions as indicated by. the arrows in 
Fig. .2 along an optical axis. Switch means B2 has two 
35 operator input settings to control operation of motor B12 
for moving lens 311 from an initial to a final, stationary 
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position establishing the focal length of the lens. 
Embodiment BIO also includes position detection means Bi for 
detecting the position of the lens, and control means 33 
response to operation of switch means B2 to either of its 
5 two positions for operating the motor such that: 

(1) lens Bll moves a predetermined number of discrete 
focal-length steps from its initial position to its final 
position'; and 

(2) movement of the' lens to its final -position always 
10 occurs while the lens is travelling in a predetermined 

direction. 

In the second embodiment of the invention*, the manner 
of driving the lens is different from the manner of driving 
the lens in the first; but only a change in program is 
15 required. Before describing this embodiment in detail,, the 
manner of driving the lens is first described. 

1) When mode changeover switch 101 is set to LOCK 
position- and cam ring 14 is located at any position other 
than PCS = 0, zoom motor 5 rotates in the reverse direction 

20 driving cam ring 14 in the rear-ward direction until PCS = 0 
(see rigs. 29 and 43) is detected, and then stops. 

2) When mode changeover switch 101 is set to MACHO 
position and ■ cam ring 14 is located at any position other 
than POS - "C", zoom motor 5 rotates- in the forward 

2 5 direction driving cam ring 14 forwardly until POS. « "C" (see 
Figs. 29 and 43) and then stops. 

3) When mode changeover switch 101 is set to ZOOM 
position, and cam ring 14 is located at any position other 
than POS = "2" "(i.e.; at • any of focal-length steps fO to 

30 f7'): 

■ a) each time zoom switch 102 is changed to TELS 
position, zoom motor 5 rotates in the forward direction and 
stops after "cam ring 14 has experienced a change of one 
focal-length step; and 
35 b) each time zoom switch 102 is changed to WIDE 

position, ZOOM motor 5 rotates in the reverse direction 
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until cam ring 14 experiences a chance in two focal-length 
steps, then reverses after passage of a predetermined period 
of time, and rotates in the forv/ard direction until the cam 
ring experiences a change of one focal-length step, with the 
5 result that a decrease of one focal-length step occurs 
•relative to the step at which switch 102 was changed to WIDS 
position. The reason for so driving the cam ring is that 
the mechanical backlash 'at lens barrel block 1 and finder 
block 2 is eliminated for no difference between the stop 

10 positions of zoom motor 5 when the latter stops either after 
rotating in the WIDE direction, or stops after rotating in 
the T2LE direction, respectively. 

The entire ^control system, including the above- 
described control, of the camera is ■ described below in 

15 reference to Figs. 4 4 to 46. The main flow chart of the 
second embodiment is identical with that shown in Fig. 38, 
and the explanation thereof is the same as in the 'first 
embodiment. 

The flow chart of the mode subroutine (Fig. 44) for the 

2 0 second embodiment is different from the flow chart of the 
mode subroutine of the first embodiment. In the mode 
subroutine of Fig. 44, the CPU of ZM/C 100 resets wide-angle 
terminus flag (the wide-angle terminus being ?0S = 2, or 
in Figs. 29 and 43) Fwide to "0" at .S130A (this flag 

25 resetting is optional in the second embodiment) . At S131A 
and S132A, procedures similar to those at S8 and S9 in Fig. 
38 are executed. At S133A, mode changeover switch 101 is 
tested for "LOCK", "ZOOM" or "MACRO" based on the. switch 
scan at S132A. The process advances to S143A if switch 101 

30 is set to "LOCK" position, to S.138A if switch 101 is set to 
"MACRO" position, and to S142A if switch 101 is set to 
"ZOOM" position.. 

If switch 101 "is set to "LOCK" position, S134A tests 
whether the conversion at S132A has resulted in POS = 0. If 

35 so, zoom motor 5 is braked. to a stop at S135A (refer to the 
rotational control command RCM in Table 3) because the motor 
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is rotating in the reverse direction; and the process is 
thereafter reset to S2 (Fig. 33). On the other hand, if POS 
^ 0, Si3 6A tests whether zoom motor 5 is rotating^ in the 
reverse . direction. If it is, the process is immediately 
5 reset to S13iA; otherwise, the process is reset to S131A 
after the process at S137A causes motor 5 to rotate in the 
reverse direction. 

If switch 101 is set to "MACRO" position, S13SA tests 
whether the conversion at S132A has resulted in POS = C, If 
10 so, zoom motor 5 is braked at S139-A' because the motor is 
rotating in the forward direction; and thereafter, the 
process is reset to S2 (Fig, 38)-. If POS f C, S140A tests 
whether motor 5 is rotating in the forward direction. If it 
is, the process is immediately reset to S131A; otherwise, 
15 the process is reset to S131A af ter ' the process at S141A 
causes motor 5 to rotate in the forward direction. 

If switch 101 is set to "ZOOM" position, S142A tests 
whether the POS conversion at S132A is POS ^ A, or POS ^ 1, 
or 2 ^ POS ^ 9. The process advances to S143A if POS ^ 1, 
20 to S153A ,if 2 ^ POS ^0, or to S165A if POS ^ A. If POS ^ 1, 
SI 43 A tests whether zoom motor 5 is rotating in the forward 
direction. If it is, the process jumps to S146A; otherwise 
the procedure at S144A is executed. 

At S144A, a standby process is executed whereby further 
25 advance of the. process is delayed for a predetezrmined period 
of time, t msec for the reason described below. After the 
elapse of t msec, S145A changes the direction of zoom motor 
5 from reverse direction to forward direction. 

Next, at S14 6A and S147A, processes similar to those 
30 for S8 and S9 in Pig. 3B are conducted; and thereafter, . at 
S14 8A and S149A, tests are made to determine if switch 101 
has been changed from "ZOOM" to either "LOCK" or "KACBO" 
based on the switch scan at.5146A. If the position has been 
changed to "LOCK", the process is reset to S134A; but if the 
35 position has been changed to "MACRO", the process is, reset 
tosijSA. If the position remains "ZOOM", the process 
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eidvances to S150A. 

S150A tests whether the P03 co.nversion at Si47A has 
resulted in POS = 2. If so, the process advances to S151J\; 
otherwise the process jumps to S14dA. Recalling that at POS 
5 =2, the lens system is located at its wide-angle terminus, 
flag Fwide is set to "1" at S151A (this flag setting is only 
optional in this embodiment) , and the process advances to 
S152A where zoom motor 5 is braked to a stop; thereafter, 
the process is reset to 52 (rig. 38) , 

10 If the POS conversion at A.132A is such that 2 ^ POS ^ 

9, the process advances ' from S142A to S153A which tests 
whether, motor 5 is rotating in the forward direction. If 
so, the process jumps to S160A where the result of the PCS 
conversion at S132A is stored In register HPOS, Thereafter, 

15 at S16IA and S162A., processes similar to those at SB and S9 
in Fig. 38 are effected. 

The motor is now running in the forward direction 
driving cam ring 14 in" the direction of f 7 ' . At S162A, a 
POS conversion is done; and at S163A, POS = Mpos + 1 is 

20 evaluated. If true, POS has changed by . one focal-length 
step in. the direction; and S164A brakes . zoom motor 5 to 

a stop; and thereafter, the process is reset to 82. If POS 
= Mpos +1 evaluates to false, the process repeatedly 
executes S161A, S162A until POS = Mpos + 1 evaluates to 

25 true. 

If the test at S153A shows that zoom motor 5 is 
rotating in the reverse direction, the process advances to 
S154A where' the result of the POS conversion at S132A is 
stored in register Mpos. After scanning the switches at 

30 S155A, and making a POS conversion at S155A, the process 
advances to S157A where POS = Mpos - 1 is evaluated. If 
true, POS has changed by one step in the "WIDE" direction, 
and the process thereafter advances "to S158A. If POS = Mpos 
- 1 evaluates to false, the process repeatedly executes 

35 S155A, S15SA until Mpos - 1 evaluates to true; thereafter, 
the process advances to S160A. 
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At S158A and S159A, processes similar to the above- 
described processes at-S144A and S145A are carried out. 
Thereafter, the processes at S160A to 164A are effected; and 
the process is thereafter reset to S2 (?ig. 33). 
5 If the ?0S conversion at S142A'is such that POS ^ A, 

the process advances to S165A which tests whether motor" 5 is 
rotating in the reverse direction. If it is, the process 
jumps to S157A; otherwise, the process advances to S16SA 
which reverses motor 5 before the process advances to' S16BA. 
10 At S167A and S166A, processes similar to those for S8 

and S9 in Fig. 38 are executed? and at S169A and S170A, 
processes similar to the processes for S14aA and S149A are 
executed . 

If mode changeover switch 101 remains in "ZOOM" 
15 position (as ascertained at S167A) , ..S171A tests whether zoom 
motor 5 is rotating in' the reverse direction. If so, the 
process advances to S172A; and, if not, to S172A. At S172A, 
the POS conversion at Si68A is tested, for POS = 9. If POS = 
9, the process is reset to S167A; otherwise, the process is 
20 reset to S167A after executing 'the procedures at S173A and 
S174A which are similar to the procedures at S144A and S145A 
described above. S175A tests whether the POS conversion at 
SieSA has resulted in POS = A, namely, whether the telephoto 
terminus (f7' in Fig, 43) has been reached. If POS « A, the 
25 process is reset to S167A; otherwise, the process is reset 
to S2 (rig. 38) after executing the procedure at S176A at 
which motor 5 is braXed to a stop. 

TSLS SU5R0UTINI: OF SECOND EMBODIMENT 
Referring now to the flow chart of the TEL£ subroutine 
30 in Fig. 45, at S190A the CPU of ZM/C 100 checks whether the 
POS conversion at S9 in Fig. 3 8 has resulted in POS = A. 

If POS 7^ A, namely 2 ^ POS ^ 9, the process advances to 
S191A where the result of the POS conversion at S9 {Fig. 33) 
is stored in register Mpos; thereafter, at S192A, motor 5 is 
35 caused to rotate in the forward direction. 

• Subsequently, at S1S3A and S194A processes similar to 



P5714S02 



- ^7- 



those at S8 and S9 in Tig. 38 are effected. Afterwards, 
S195A tests whether the ?0S conversion at S194A has resulted 
in ?0S = Mpos -I- 1 to determine if the position of cam ring 
14 has changed by one focal-length step in the'TELB 
direction. If POS = Mpos -f 1 evaluates to true, motor 5 is 
braked at S196A and stops; and the process thereafter 
advances to S197A. If POS f Kpos 1, the processes at 
S193A to S195A are repeated until POS = Mpos + 1, i.e., 
until the po-sition of cam ring '14 has increased by one 
focal-length step; thereafter, the process advances to S19 7A 
where the procedures described below are executed. If POS == 
A, the process jumps to S197A which scans the switches, and 
then advances to S19BA which checks whether zooming switch. 
102 is still positioned at the TELE side.. If so, the 
processes at S197A and S19 8A are repeatedly executed because 
the - lens is properly positioned at the telephoto terminus. 
However, if switch 102 is not positioned at the TELE side, 
the process returns to S2 (Fig. 38). 

WIDE SU3P0UTIKE OF 5EC0KD EMBODIMENT 

Referring, now to the flow chart of the WIDE subroutine 
in Fig. 46, at S2iOA, the CPU of ZH/C 100 first tests 
whether the POS conversion at S 9 in Fig. 3 8 has resulted in 
POS = 2, . which indicates that zoom motor 5 has positioned 
cam ring 14 at the wide-angle terminus. If POS = 2, the 
process jumps to S222A where a scan of the switches is 
carried out before advancing to S223A, which tests whether 
zoom switch 102 is still set at the WIDE position. If so, 
the processes at S222A and 223A are repeatedly executed 
awaiting a change. If switch 102 is not set to the WIDE 
position, the process is reset to S2 in Fig. 38. 

If the result of the POS conversion at S9 *in Fig. 38 is 
POS f-2, the process advances to S211A where the result of 
'pOS conversion at S9 in Fig". 33 is stored in register Kpos.- 
At S212A, zoom motor 5 is commanded to rotate in the reverse 
direction driving the cam ring towards the WIDE angle 
terminus . 
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At 213A and S214A, processes similar to those at S8 and 
S9 in Fig. 33 are executed; and subsequently, at S215A, POS 
= Mpos ~ 2 is evaluated using the result of the POS 
conversion at S214A* If POS = Mpos - 2, which means that 
5 the cam ring has moved two steps from its original position 
in the direction of the WIDE terminus, the process advances 
to S216A; otherwise, the processes at ■S213A to 215A are 
repeatedly executed until POS = Mpos - 2 , 

At S216A and S217A, processes similar to processes at 
10 S144A and S145A in Fig, 44 are effected, and subsequently at 
S218A and S219A, processes similar to the processes at S8 
and S9 in Fig. 38 are effected before the process advances 
to S22A. 

At S217A, the cam ring has been moved from its initial 

15 position two focal-length steps closer to the WID£ angle 
terminus and the motor begins to run in the forward 
direction driving the cam ring away from the WIDE angle 
terminus. At S220A, the POS conversion at S216A is tested 
for POS = Mpos ~ 1 to determine if the cam ring has advanced 

20 away from its initial position by one step. If POS f Mpos - 
1, the processes at S21BA to S220A are repeatedly executed 
until POS = Mpos - 1. If POS = Mpos - 1, the process 
advances to S221A where motor 5 is braked to a stop; 
otherwise, S21BA,- S219A are repeatedly executed until POS .= 

25 Mpos - 1 evaluates to true. • ■ - 

OPERATION OF SECOND EMBODIMENT 
The effects of the processes at SI to S22 in Fig. 38, 
and those in Figs. 44 to 46 are explained below. 
Explanations of operations that are identical with their 

3 0 counterparts in the first embodiment are omitted. 

(1) Battery 106 is mounted in the battery case (not 
shown) , and none of the following switches are manipulated: 
takeup motor control switch 119, shutter release button .99, 
and zoom switch 102. 

35 a) If mode changeover switch 101 is set to the 

LOCK' position, the processes carried out are the same as 
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described in paragraph (1) (a) in the description of the 
first einbodiiuent. 

b) If th*e setting of mode changeover switch 101 
is changed from IX3CK to ZOOM position, the processes carried 

5 out are the same as described in paragraph (1) (b) in the 
description of the first embodiment. 

c) If the setting of mode changeover switch 101 
is changed from ZOOM to HACRO position when cam ring 14 has 
stopped at the wide-angle terminus, the processes carried 

io out are the same- as . described in paragraph (1) (c) in the 
description of the first embodiment. 

d) If the setting , of mode changeover switch 101 
'is changed -from MACKO to ZOOM position, the processes 
carried out are the same as described in paragraph (l)(d) in 

15 the description of the first embodiment. 

e) If the setting of mode changeover switch 101 
is changed from ZOOM to MACRO position when cam ring 14 has 
stopped at the telephoto terminus (POS = A) , the processes 
carried out are the same as in paragraph c) above with the 

2 0 exception that the starting point is POS = A instead of POS 

f) When the tests at S148A, S149A, S169A and' 
S170A in Fig. 44, described in paragraphs b) to d) above, 
determine that the setting • of . mode changeover switch has 

25 been changed from ZOOM position to either LOCK, or MACRO 
positions, the respective loop process of S136A, S137A, or 
S131A to S134A are executed. At S135A, - which is reached 
because of a mode change to LOCK position, cam ring 14 is 
driven until it reaches and stops at POS = At S13 9A, 

30 which is reached because of a mode change to MACRO position, 
cam ring 14 is driven until it reaches and stops at POS = C, 

g) If the setting of mode changeover switch 101 
is changed" to the ZOOM position while cam ring 14 is located 
at a position in the range 2 ^ POS ^ 9 during the loop 

35 process of S131A to S133A, S138A, S140A, S141A to S131A, or 
during the loop process of S131A to S137A to S131A in Fig. 
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44, the CPU of SM/C 100 branchss ths process from the above- 
mentioned loops at Si33A, and advances it to S142A. 

Because 2 ^ PCS ^ 9 in this case, the process advances 
to S153A, If ioom motor 5 is rotating in the forward 
5 direction, the process jumps from S153A to S160A allowing 
execution of S160A to •S164A whereby zoom motor 5 advances to 
the location where POS is changed by +1 in- the direction of 
the telephoto terrrlnus . On the other hand, if zoom motor 5 
is rotating in the reverse direction, the process advances 

10 from S153A to S164A as POS temporarily changes by -1 in the 
direction pt the -WIDE angle terminus. However, motor 5 
continues to rotate in the reverse direction for t msec. 
Thereafter, rotation of zoom motor 5 reverses and begins to 
rotate in the forward direction eventually stopping' when POS 

15 has changed .by +1 to the TELE side. In .other words, when 
the initial position of the lens is in the zooming range, 
2 ^ POS ^ 9, the position of cam ring 14 changes by one 
step, either forwardly or rearwardly, depending on the 
setting mode switch 101. 

20 While the cam ring is located in a position 

corresponding to 2 ^ POS ^ 9, independently of the case 
described above, mode changeover switch 101 assumes the ZOOM 
position according to the operational, specifications of the 
soom switch 102 which is described below. 

25 h) If the setting of mode changeover switch 101 

is changed from LOCK to ZOOM position while cam ring .14 is 
located at a position corresponding to POS = 1 in the loop 
process of S131A to S135A to S131A in Fig. 44, the processes 
carried out are the same as described in paragraph (l)h)'in, 

30 .the description of the first embodiment. 

(2) If takeup motor control switch 119 is manipulated 
while the CPU of ZM/C 100 is executing a loop process due to 
. the above-described- first loop,, second .loop, . etc. the 
processes carried out are the same as described in paragraph 

35 (2) in the description of the first embodiment, 

.'(3) If zooming switch 102 is manipulated to the TELE 
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side while the CPU of ZM/C 100 is executing a process in the 
above described second loop, the procedures described below 
are executed. 

The CPU of ZM/C 100 advances the process iron; S18 to 
5 S19 in Pig. "38, and then calls and executes the TSLE 
■ s\ibroutii:ie shown in Fig. 45. If cam ring 14 has stopped at 
the telephoto terminus (POS = A) , it is unnecessary to 
rotate zoom motor 5, and the processes to invalidate 
manipulation of zoom switch 102 at S197A and S198A are 

10 executed. If . cam ring 14 has stopped at a location other 
than the telephoto terminus (i.e.., 2 ^ POS .^ 9 when the TELE 
subroutine is called) , the above described process of moving 
the value of POS to register Mpos is effected at S191A, and 
forward rotation of motor 5 at S192A is effected until cam 

15 ring 14 is driven to a location where POS « Mpos + 1. At 
such location, S19 6A stops zoom motor 5. Thereafter, the 
processes to invalidate manipulation of zooming switch 102 
are subsequently carried out, and the process is reset to S2 
in Fig. 38. Thus, each time zoom switch 102 is moved to the 

20 TELE side, cam ring 14 moves one step in the direction of 
the telephoto terminus. In this way, the cam ring can be 
moved step-by-step from POS = 2 (fO) to POS = A ( f 7 ' ) , 
whereby cam ring 14 can be position at a desired focal- 
length as shown in Fig. 43. 

25 . (4) If zoom switch 102 is moved to the WIDE side while 

the CPU of ZM/C 100 is executing a process due to the above 
described second loop, the procedures discussed below are 
executed. 

The CPU of ZM/C 100 calls and executes the WIDE 
30 subroutine shown in Fig. 4 6 by advancing the process from 
S20 to S,21 in Fig. 38. At S2.10A, a test for POS = 2 is 
carried out. If POS = 2,- cam ring 14 has stopped at the 
wide angle terminus, and hence it is unnecessary to rotate 
zoom motor 5; and the processes to invalidate the 
35 manipulation of zooming switch 102 ,at S222A and 223A are 
executed. If POS f 2, the above described process of moving 
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the value of POS into register Mpos is effected at S2iiA; 
and, at S212A TOotor 5 is commanded to rotate in the reverse 
direction thereafter. 

After the motor rotates in the reverse direction, cam 
5 14 is driven to POS- = Mpos - 2 by executing loop S213A to 
S215A. "When POS = Mpos - 2, processes similar to the above 
idescribed processes at S165A and Si66A in case of the first 
embodiment, are executed at S216A and S217A, to eliminate 
backlash, and the loop process of S218A to S220A is executed 

10 until POS = Mpos - 1.. When PpS = Mpos - 1, S221A stops 
rotation of zoom motor 5, and the processes to invalidate 
-the manipulation of zoom switch 102 are subsequently 
executed at S222A and S223A, thereafter, the process is 
reset to S2.in Fig. 38. 

15 Thus, each time zoom switch 102 is moved to the WIDE 

side cam ring 14 moves one step in the direction of the WXDE 
terminus in a manner that eliminates backlash. In this 
-manner, the cam ring can be moved step-by-step from POS = A 
(F7') to POS = (fo) whereby cam' ring 14 can be positioned at 

20 a desired focal-length as shown in Fig. 43. 

THIRD EMBODIMENT OF ZOOM LENS SYSTEM DRIVE 
Referring now to Fig. 3, reference numeral CIO 
designates, in schematic form, a third embodiment of the 
invention as shown in schematic form. Embodiment CIO 

25 includes zoom- lens Oil for a camera having between-the-lens 
shutter including motor C12 for moving the ■ lens (through a 
mechanical coupling, not shown) in forward and rearward 
direction, as indicated by the arrows in Fig. 3. Switch 
means C2 has two operator-selected input settings to control 

30 operation of motor C12 for moving the lens from an initial 
position-, defined by the position of the lens when the 
switch is operated, to a final stationary position 
establishing the focal length of the lens. Embodiment . CIO 
also includes position detector CI for ' detecting the 

35 position of the lens, delay means C6 for introducing a 
predetermined pause in operation, of the motor, and control 
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means C3 responsive to sustained operation of switch C2, to 
position detector means CI, and to delay means C6 for 
operating the motor such that: (1) the final position of the 
lens is a predetermined number of discrete focal-length 
5 steps from its initial position; (2) movemsnt of the Isns to 
its final position always occurs while the lens "is 
travelling in a predetermined direction; and (3) the lens 
remains stationary at its final position for said 
predetermined pause before moving to another position 

10 located therefrom by said predetermined number of discrete 
focal-length steps* 

In the third embodiment of the present invention, the 
manner of driving the lens is different from the manner of 
driving the lens in the two previously described 

15 embodiments, but only a program change is required. Before 
describing this embodiment in detail, the manner of driving 
the lens is first described. 

(1) If mode .changeover switch 101 is set to LOCK 
position and cam ring 14 is located any position other than 

20 PCS = 53, zoom motor 5 rotates in the reverse direction 
driving cam ring 14 in the rearward direction until POS - ^ 
(see Figs. 29 and 47) is detected, and then stops. 

(2) If mode changeover switch 101 is set to MACRO 
position and cam ring 14 is located at any position ' other 

25 than POS = "C", zoom motor 5 rotates in the forward 
direction driving cam ring 14 forwardly until POS ~ "C" (see 
Figs. 2 9 and 47) and the stops. 

(3) If mode changeover switch 101 is set to ZOOM 
position and cam ring 14 is located at any position other 

30 than POS = "2" (i.e., at any of focal-length steps of f 7 ' ) : 
a) If zoom switch 102 is set at TELE position, 
and remains there, zoom motor 5 rotates in the forward 
direction and stops after cam 14 has experienced a change of 
one focal-length step in the forward direction (i.e., in a 
35 direction -toward the telephoto terminus). After pausing at 
■ the new focal-length step for a time t' msec, the previous 
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stop is repeated. As a result, the cam ring moves forwardly 
one focal-length step at a time, step-by-step, pausing 
between steps until the cam ring reaches the telephoto 
terminus. If switch 102 is moved to its neutral position, 
5 further stepping of the cam ring terminates. 

b) If zoom switch 102 is momentarily set to WIDE 
position, zoom motor 5 first rotates in the reverse 
direction until cam ring 14 has experienced a change of two 
focal-length steps rearwardly from its initial position, 

10 then further rotates in the reverse direction for a 
predetermined time t' msec, and then reverses rotation and 
runs in the forward direction until the cam ring has 
experienced a net change of one focal-length step rearwardly 
of its initial position; and then, the motor stops rotating. 

15 The cam ring is so driven at the WID£ position of switch 102 
to remove mechanical backlash of lens barrel block 1 and 
finder block 2 for minimizing the difference between the 
stop position of the zoom motor 5 when the latter stops 
rotating in the WIDE direction, and when it stops rotating 

2 0 in the TELE direction. If switch 102 remains at its WIDE 
position, the cam ring moves rearwardly one focal-length 
step at a time, step-by-step , pausing between steps until 
the cam ring reaches the wide angle terminus. 

The entire control system, . including ■ the above- 

25 described control of the camera is described below in 
reference to Figs. 4 8 and 49. The main flow chart for the 
third embodiment of the invention is identical with that 
shown in Fig. 38; the mode subroutine is identical with that 
shown in Fig. 44, and the explanation with respect to them 

30 is the same as their counterparts in the descriptions of the 
first and second embodiments. The TELE and WIDE 
subroutines, however, are different.. 

TELE SUdROOTINS FOR THIRD EMBODIKEKT 
Referring' to the' flow chart of the TELE, subroutine in 

35 FIG. 4B, at S190B, the CPU of ZM/C 100 tests whether POS = A 
as a .result of the POS conversion at S9 in Fig. 38. If POS 
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= A, the process is reset to S2 in Fig. 38. If POS f A, 
namely if 2 ^ POS ^ 9, the process advances to S1913 to 
store the result of the POS conversion at S9 in Fig. 3 8 
(initial position of the cam ring) in register Mpos. At 
5 S1923, motor 5 is commanded to rotate in the forward 
direction . 

At S1933 and S1S43,- processes similar to those at S3 
and S9 in" Fig. 33 are executed; thereafter, at S195B, the 
result of the POS conversion -at S194B is tested for POS = 

10 Mpos + 1 to determine if the cam ring has moved one focal- 
length step from its initial position in the direction of 
the telephoto terminus. If POS = Mpos -r 1, S1963 causes zoom 
motor 5 to stop, and scanning of the switches occurs at 
S197B. If zoom switch 102 is not set to the TELE side when 

15 S1983 is executed, the process is reset to S2 in Fig. 38; 
otherwise, ' switch .102 remains at the TELE side and the 
process advances to 31993 which executed a delay of t msec. 
Consequently, the cam ring" will have been moved by one 
focal-length step from its initial position in the forward 

20 direction and will pause at its new position for t msec. 

After the delay, S2003 causes the switches to be 
scanned. If zoom switch 102 remains at the TELE side, S201B 
is executed- and the process is. reset to S190B to repeat the 
above-described process. If the switch has been changed 

25 from the TELE side, the process is reset to S2 in Fig. 38. 

At S195B, if POS f Mpos 4- 1, the processes at S193B to 
S195B are repeated until POS = Mpos -f 1- 

WIDS SUBROUTINE FOR THIS SMBODIKENT 
Referring to the flow chart of the WIDE subroutine in 

3 0 Fig. 49, at S210B the CPU of 2M/C 100 tests whether POS « 2 
as a a result of the POS conversion at S9 in Fig. 38, i.e., 
whether zoom motor 5 is already stopped at the wide-angle 
terminus. If POS = 2, the process is reset to S2 in Fig. 
38; otherwise the process advances to S211B where the' result 

35 of the POS conversion at S9 in Fig. 38 (initial position of 
the cam ring) is stored in the register Mpos. At 52123, the 



P5714S02 

zoom inotor is commanded to rotate in the reverse direction 
driving the cam ring rearwardly toward the vide angle 
terminus. 

At S2133 and S214B, processes similar to those for ss 
5 and S9 in Fig. 38 are effected; and thereafter, at S215B, 
PCS = Mpos - 2 is evaluated using the result of the Pos 
conversion at S214B to determine if the cam ring has moved 
two focal-length steps from its initial position in the 
direction of the wide angle terminus. If POS " = Mpos - 2 

10 evaluates to true, the process advances to S216B; otherwise, 
the processes at S213B to S215B are repeatedly executed 
until POS = Mpos - 2 evaluates to true. 

At S216B and S217B, processes similar to the above- 
described processes for S165. and S166 in Fig. 39 are 

15 executed to delay reversal of inotor rotation for t msec; and 
afterwards at S218B and S219B, processes similar to the 
above-described processes for S8 and S9 in Fig. 38 are 
executed. 

The motor is now rotating in the forward direction. At 

20 S220B^ if POS = Mpos - 1 based on the POS conversion at 
S219B, which is to say that the cam .ring has moved one 
focal-length step from its initial position in the direction 
of the WIDE terminus, the process advances to" S2223 where 
the motor is braked to a stop. If PCS Mpos - 1, the 

25 processes at S2183 to S220B are repeated until POS = Mpos - 
1. The switches are scanned at S222B; and at S223B, and the 
state of zoom switch 102 is tested. If the setting of this 
switch has changed, the process is reset to S2 in Fig. 38; 
otherwise, S224B executes a waiting process of t msec before 

30 the switches are again scanned at S225B. At S226B, the 
state of switch 102 is tested. If this switch remains set 
to the WIDE side, the process is reset to S2103 to repeat 
• the above-described procedure. If the setting of switch 102 
has been changed, the process is reset to S2 in Fig. 38, 

35 OPSPATIOH OF THIRD EMBODIMFKT 

• The effects of the processes at- SI to S22 in Fig. 38 
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and those in Figs. 44, 48, and 49 are explained below. 
Explanations of operations that are identical with their 
counterparts in case of the first and second embodiments are 
omitted. 

(1) Battery 106 is mounted in • the battery case (not 
shown) and .none of the following switches are manipulated: 
takeup motor control switch 119, shutter release button 99, 
and zoom switch 102. 

aj If the setting of mode changeover switch 101 
is in LOCK position, the processes executed are the same as 
described in paragraph (l)a) in the description of the first 
and second embodiments. 

b) If the setting of mode changeover switch 101 
is changed from LOCK to ZOOM position; the processes 
executed are the same as described in paragraph (l)b) in the 
descriptions -of the first and second embodiments, 

c) If the setting of mode changeover switch 101 
is changed from ZOOM to KACHO position when cam ring 14 has 
stopped at the wide-angle terminus (?0S = 2), the processes 
executed are the same as described in paragraph (l)c) in the 
descriptions of the first and second embodiments. 

d) If the setting of mode 'changeover switch 101 
is changed from MACRO to ZOOM position^ the processes 
executed are the same as described in paragraph (l)d) in the 
description of the first and second embodiments. 

,e) If the setting of mode changeover switch 101 
is changed from ZOOM to MACRO position when cam ring 14 has 
stopped at the. telephoto terminus {POS = A) , the processes 
executed are the same as in paragraph c) above with the 
exception that the starting point is POS = A instead of POS 
= 2. 

.f) When the tests at S148"A; S149A, S169A and 
S17.0A in Fig. 44 in the processes described in paragraphs b); 
to d) above determine that the mode changeover "switch has 
been changed from ZOOM to either LOCK, or MACRO position, 
the processes executed will be the same as in paragraph 
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(l)f) in the description of the second embodiment. 

g) . If the setting of mode changeover switch 101 
is changed to the ZOOM position while cam ring 14 is located 
at 2 ^ PCS ^ 9 during the loop processes of S131A to S133A, 

5 S13SA, S140A, S14iA to S131A, or during the loop process of 
SI3 1A to S137A to Si3lA in Fig. 44, the .processes executed 
will be the same as in paragraph (l)g) in the description 
of the second embodiment. 

h) If the setting of mode changeover switch 101 
10 is changed from LOCK to ZOOM poisition while cam ring 14 is 

located at a position corresponding to POS = 1 in the loop 
processes of S131A to S13SA to S131A in Fig. .'44, the 
processes carried out are the same as described in paragraph 
(l)h) in the first and second embodiments. 

15 (2) If takeup motor control switch 119 is manipulated 

while the CPU of ZM/C 100 is executing a loop process due to 
the* above-described first loop, second loop, etc. , the 
processes . carried out will be 'the same as described in 
paragraph (2) in the description of the first and second 

2 0 embodiments. 

(3) If zoom switch 102 is moved to the TELE side while 
the CPU of 2M/C 100 is executing a process in the above- 
described second , loop, the procedures described below are 
executed. 

. 25 The CPU of SM/C 100 advances the process from SIS to 

519 in Fig. 3B, and then calls and executes the TELE 
subroutine shown in Fig. 48. If cam ring 14 has stopped at 
the telephoto terminus (POS = A) , rotation of the zoom motor 
is not necessary; and the process is therefore immediately 
30 reset to S2 in Fig. 38, If cam ring* 14 has stopped at a 
location other than the telephoto terminus (i.e., 2 ^ POS ^ 
9) when the TELE subroutine is called, the above-described 
process of moving the value of POS to register Hpos is 
effected at S191B (to establish the initial position of 'the 
35 cam ring) , and forward rotation of motor 5 at S192S is 
effected until cam ring 14 is driven, by procedure S193B to 
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S193B, until POS = Mpos + 1, When POS = Mpos + 1 evaluates 
to true, S1963 causes zoom motor 5 to stop. At S197B and 
S193B; zoom switch 102 is scanned and' then tested. If the 
switch is set to TELE-off, the process is reset to S2 in 
5 Fig. 38; but, if the switch is set to TELE-on, a pause of t' 
msec is effected at S199B. Only if TELS-on is thereafter 
reconf irined by the processes at S200B and S201B, is 
execution of the process at S192B repeated to cause zoom 
motor 5 to again rotate in the forward direction/- 

10 Thus, as- zoom switch 102 is manipulated to the -TELE 

side for turning*on the motor, cam ring 14 repeatedly moves 
toward the telephoto terminus, in one focal-length steps, 
st.ep-by-step, in the forward direction , 'pausing between 
steps until the range POS = 2, to POS = A is traversed, step- 

15 by-step. By having TELE turned on sufficiently long, cam 
ring 14 is driven to and stops at the telephoto terminus. 

(4) If zooming switch 102 is manipulated to the WIDE 
side while the CPU of 2M/C 100 is executing the above- 
described second process, the following occurs: 

20 a) The CPU of SM/C 100 calls and executes the 

WIDE subroutine shown in Fig. 4 9 by advancing the process 
■ from S20 to S21 in Fig. 33. At S2iOB, POS = 2 is tested. 
"If POS « 2, cam ring 14 is stationary at the wide-angle 
tenninus and it is unnecessary to iicimadiately rotate zoom 
-25 motor 5. Thus, the process is reset to S2 in Fig. 38. If 
POS 2, S211B moves the value of POS into register Mpos to 
store the initial position of the cam ring, and S212B 
commands zoom motor 5 to rotate in the reverse direction 
driving the cam ring rearwardly. 

30 After the process of S212B is executed, loop S2133 to 

S215B is executed causing cam ring 14 to be driven until POS 
= Mpos r 2 after which processes S216B and S217B are 
executed^ When motor reversal occurs at S217B, the cam ring 
will be between two and three focal-length steps displaced 

35 from its initial position in the direction of the WIDE angle 
terminus. These processes are similar to the above- 
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described processes at S165 .and S166, in case of the first 
embodiment, for eliminating backlash. Thereafter ; the loop 
process of S218B to S220B are executed until ?0S = Mpos -1. 
When this condition is detected, S2213 stops rotation ' of 
5 zoom motor 5, and the cam ring is displaced one focal-length 
step from its initial position, S223B then tests whether 
• switch" 102 is currently set to WIDE-on. If it is, a t' msec 
pause is effected at S224B, and zoom motor 5 is caused to 
restart rotation in the reverse direction by the process at 

10 S212B. If the scan at S222B shows that switch 102 is set to 
WIDE-off, the process is reset to S2 in Fig. 38. 

Thus, if zoom switch 102 is maintained at WIDE-on, cam 
ring 14 repeats, during the time the switch remains set to 
WIDE-on, a sequence of move, stop and pause operations as 

15 the cam ring moves in one focal-length steps, step-by-step, 
toward the WIDE angle terminus, pausing for t^ msec between 
steps. This step-by-step progress of the cam ring in the 
rearward direction is carried out in a way that eliminates 
backlash. By leaving "WIDE-on sufficiently long, cam ring 14 

2 0 is driven to and stops at the wide-angle terminus. 

FOUT^TH EMBODIMENT OF THE ZOOM LENS SYSTEM DRIVE 
Referring now to Fig- 4, reference numeral DIO 
designates a- fourth embodiment of the invention in schematic 
form. Embodiment DIO includes zoom lens Dll for a camera 

25 having between the lens shutter including motor D12 for 
moving the lens (through a mechanical coupling, not shown) 
in forward and rearward direction, as indicated by the 
arrows in Fig. 4. Switch means D2 has a plurality of 
settings selected by an operator to control operation of 

30 motor D12 for moving the lens from an initial position; 
defined by the position of the lens where the switch is 
operated, to a final stationary position establishing the 
focal-length of.-the lens. Embodiment DIO also includes 
position detector Dl for detecting the position of the lens, 

35 memory means D6 for storing data representative of the 
position of the lens, and control means 05 responsive to 
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selection of a setting of switch D2 , to position detector 
means Dl, and to inemory means Do for operating the motor 
such that selection of a zoom setting of the switch means 
causes motor D12 .to drive the lens from its initial position 
5 to a final position determined by the contents of memory 
means D6 under the condition that movement of the lens to 
its final position alvay-s occurs while the lens is" 
travelling in a predetermined direction. 

In the fourth embodiment of the invention, the -manner 

10 of driving the lens differs from that used to drive the lens 
in the previous embodiments, but only a change in -the 
program is required. Before describing this embodiment in 
detail^ the manner of driving the lens is first described. 

. (1) When mode changeover switch 101 is set to LOCK 

15 position and cam ring 14 is located any position other than 
POS = <p t zoom motor 5 rotates in the reverse direction 
driving cam 14 rearvardly until POS = p (see Figs. 29 and 
50), and then stops. 

(2) When mode changeover switch 101 is set to KXCRO 
20 position and cam ring 14 is located at any position other 

than POS = "C", zoom motor 5 rotates in the forward 
direction driving" cam ring 14 forwardly until POS = "C", and 
then stops. 

(3) When mode changeover switch 101 is set to ZOOM 
25 position, and zoom motor 5 is rotating in the reverse 

direction, setting zoom switch 102 to its WIDE position will 
cause the motor to stop and then rotate in the forward 
direction. If the switch is set to TSLE position,, the motor 
stops when POS = "A.". If switch 101 is set to WIDE 

30 position, zoom motor 5 rotates continuously in the reverse 
direction for a short time after POS = "1", and then rotates 
in the forward direction. When POS = "2", motor 5 stops 
rotating. If zoom switch 102- is turned off (placed at the 
neutral position) during the rotation of zoom motor 5, the 

35 latter, if it is rotating in the TELE direction' (forward) , 
stops immediately. If the motor is rotating in the WIDE 
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direction (reverse) it will stop after rotating in the 
forward direction for a short time. The rotation for this 
short time is intended to eliminate mechanical backlash from 
the lens barrel block 1 and finder 2 in order to eliminate 
differences between the stop positions of the motor 5 when 
rotating in the WIDE and TELE directions, respectively. 

(4) If the setting of mode changeover switch 101 is 
changed from LOCK or MACRO position to* ZOOM position: 

a) if switch 101 is changed from LOCK to ZOOM 
position, the motor 5 rotates in the forward direction, and 

b) if switch 101 is changed from KACKO to ZOOM 
position, the motor rotates in the reverse direction and 
stops at the last lens position at which the switch had been 
previously changed from ZOOM to LOCK position. 

The operation effected when zoom switch 101 is shifted 
from MACRO to ZOOM includes the above-described operation 
that eliminates backlash. 

Also, in this embodiment, because the lens position is 
detected in stepwise fashion (there are 13 steps from "0" to 
"C") , a specific lens position value for example Pos = 5, 
does not establish a unique lens position. For this reason, 
when any of the lens positions within the range of Pos = "2" 
to »'A*' is restored, zoom motor 5 is caused to stop at a 
change point whereby the lens does not precisely return to 
the initial position but to a position very near it. 

The whole control system, including the above-mentioned 
control, of the camera is described below in further detail 
with reference to Figs. 51 and 52. 

The flow chart shown in Fig. 51 is essentially the same 
as the flow charts illustrated and explained with respect to 
the previous" embodiments, except for the processes added 
between the S9 and S12 in the preceding three embodiments in 
order to implement the action . peculiar to this embodiment. 

After Pos conversion at S9C, SIOC tests for the 
condition 2 ^ Pos - A. If the con-dition is "true, SllC 
causes the POS value to be moved to and stored in register 
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Mpos in the CPU or RAM. If Pos > A or Pos < 2,. the process 
jumps from SIOC to S12C without saving the POS value. 
Periodic execution of the processes at SIOC and SllC saves 
the current lens position within the zooming range of the 
5 zoom lens each time the program returns to S2-C. In the 
preferred embodiment , . the initial Mpos value is set by the 
position to Mpos = 2. 

MODS SUBHOUTINS OF FOURTH SMBODIHENT 
Referring now to the flow chart of- the mode subroutine 
10 in Fig. 52, the CPU .of ZM/C 100 executes each of the 
processes at .S150C to STSIC which are similar to those at 
S130 to S141 in the preceding embodiments, according to the 
mode as established by the -setting of mode- changeover switch 
101. 

15 If mode changeover switch 101 " is set to ZOOM, S162C 

tests whether the result of the Pos conversion at S152C is 
Pos < Mpos, namely, whether the current position of the cam 
ring is closer to the WIDE angle terminus than the focal- 
length step occupied by the cam ring when step- SllC wa.s 

20 executed. If Pos < Mpos, the process advances to S163C, but. 
if Pos ^ (Mpos) , the process advances to S173C. 

If Pos < (Mpos) , S163C tests whether the zooming motor 
5 is rotating in the forward direction. If so, the process 
jumps to S165C; otherwise, S154C reverses rotation • of the 

25 motor which thereafter runs- in the forward direction. 

Processes similar to those at SBC and S9C in Fig. 51 
are executed at S165C and S166C. Thereafter, at S167C and 
S163C, based on the switch scan at SISSC, a determination is 
made as to whether the setting of mode changeover switch 101 

3 0 has been changed from ZOOM to either LOCK, or KXCRO , If 
switch 101 has been changed to LOCK, the process returns to 
S154C; and if the switch has been changed to MACRO, the 
process returns. to S153C. If the switch position remains at 
ZOOM, the process advances to S169C. 

35 S159C tests whether the result of the Pos conversion 

made- at S166C is Pos = Mpos (i.e., whether the cam ring has 
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been returned to the stored location). If Pos f Hpos, the 
process returns to S165C. If Pos = Mpos , the process 
advances to S170C which stops further rotation of zoom motor 
5 because the caiti ring has returned to the stored location,' 
5 S171C tests whether the result of the Pos conversion at 

■ S166C is Pos 2, If Pos = 2; the cam ring has stopped at the 
wide angle terminus; and in such case wide-angle terminus 
flag Fwide is set to "1", and thereafter, the process 
returns to S2C in Fig, '51. If POS f 2, the process 

10 immediately returns to S2C with setting flag Fwide. 

If Pos > Hpos as a result of the test at S162C, the 
process advances to S173C which tests whether zoom motor 5 
is rotating in the reverse direction. ■ If so, the process 
jumps to S175C; otherwise, motor 5 'is rotating in the 

15 forward direction, and 5174C causes rotation of the motor to 
reverse and to run in the reverse direction; thereafter, the 
process" advances to S175C. 

At S175C and S176C, processes similar to those at S8C 
and S9C in Fig. 51 are executed; and ' at S177C and S17 8C, 

20 processes similar to those at S167C and Sisac are executed* 
If the position (mode) of mode changeover switch 101 
remains set at ZOOM, S179C tests whether the result of the 
Pos conversion at. S17SC is Pos = Mpos - 1, namely, whether 
the current position of the cam aring Is one focal-length 

25 step closer to the WIDE angle terminus than when the focal- 
length step of the cam ring was stored in Mpos at SllC. If 
Pos Hpos -1, the process returns to S175C and this loop 
Si75C to S179C is repeatedly executed until Pos = Mpos - 1. 
When Pos = Mpos - 1, S180C executes a .standby process for 

30 the t msec for the reasons explained above; afterwards, 
the process advances to S164C. Thereafter, Pos = Mpos . is 
attained by executing the processes at S164C to S172C. 
Thus, the cam ring is returned to the stored location after 
moving to such location in the forward direction. 

35 The TELE subroutine and the WIDE subroutine in this 

embodiment are the same as the respective subroutines in the 
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first smbodiinent. For this reason, no further explanation 
is required. 

OPERATION OF THE FOURTH EMBODIMENT 
The effects of the processes at SIC to S24C in Fig. 51 
5 and those in Fig. 52 are explained below. However, the 
explanation of operations identical to processes having 
counterparts in the previous embodiments are omitted. 

(1) Battery 106 is connected and none of the following 
switches are manipulated: taXeup motor control switch 119, 
10 shutter release button 99, and zoom switch 102. 

a) If mods changeover switch 101 is . in the LOCK 
position^ a first loop is executed as. described in paragraph 
a) in the description of the first to the .third embodiments. 

b) If mode changeover switch 101 is changed from 
15 LOCK to ZOOM position, the CPU of ZM/C 100 exits the above 

mentioned first loop and advances to S16C. Because Pos = 
•*0", the process advances to'Sl^C which causes zoom motor 5 
to rotate in the forward direction, and then branches to the 
WIDE subroutine (Fig. 52) and executed the procedures S163C; 

20 S165C, and S166C through S150C -,51530 and S162C. Under the 
condition that mode changeover switch 101 has not been 
shifted from ZOOM to either LOCK or MACRO at S167C and 
S168C, the loop process of S169C, S165C and S168C causes the 
motor to drive the cam ring until Pos = Mpos. Then, after 

25 S170C stops zoom motor 5, the process -returns to S2C in Fig. 
51 through S171C or S171C and S172G. 

When shipped from the factory, "2" is stored in Mp^g. 
Thus, when the camera is first used after shipment from the 
factory, cam xing 14 is driven from POS - j2 to the wide- 

30 angle terminus (Pos = 2) where the focal length is f^. The 
next time the camera is used, the cam ring is driven . from 
POS = p to the position where zooming was done in the last 
zooming mode (i.e., the position stored in register Mpos at 
SllC) . After the CPU of ZM/C returns to S2C, each- process 

35 of the second process- loop (S4C, 580 to S12C, S16C, S17C, 
S20C; S22C, S24C and S4C) is repeated under the condition 
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that none of the ca.ine'ra controls is changed* However, 
because the Pos data remains unchanged throughout a certain 
range of zoom positions, the previous zoom position will not 
always coincide exactly with the stop position attained 
5 under the stop control. of Pos data change point based on the 
Mpos value. However, the error is only a small one; and if 
the cam ring returns to a position very close to the 
previous zoom position, a zoom position very close to the 
photographer's choice is automatically determined Baking use 
.10 of the camera . very convenient. 

c) If mode changeover switch 101 is changed from 
ZOOM to MACRO position under the condition that cam ring 14 
is located at the wide-angle terminus, the effect will be 
the same as described in paragraph c") in the descriptions of 

15 the previous embodiments . 

d) If mode changeover switch 101 is changed from 
the MACRO to ZOOM position, the CPU of ZM/C 100 causes the 
process to exit the loop at S12C and advance to SISC. 
Because Pos = C, the process at Si7C is executed and the 

20 process advances to S14C where zoom motor 5 is comiuanded to 
rotate in the reverse direction. The process then branches 
to the mode subroutine of Fig. 52 and advances through S151C 
to S153C. If switch 101 remains in the ZOOM position, the 
process advances to S162C, S173C', S175C, and S176C. After 

25 executing-. S177C and S17BC,. the loop S175C; S176C to S179C is 
repeatedly executed until Pos = Mpos - 1. When Pos = Mpos - 
1, S180 C causes the motor to continue to rotate in the 
reverse direction for a time of t msec before S164C reverses 
rotation of zoom motor 5, and causes it to rotate in the 

30 forward direction. 

Cam ring 14 is stopped as soon as it arrives- at a 
position corresponding to Pos = Mpos from a ' position 
corresponding to Pos = Mpos - 1. Note that if zoom motor 5 
were rotating in the reverse direction driving the cam ring 

35 from POS = A toward POS = Mpos, and were stopped at Pos = 
Mpos" - 1 before being driven in the forward direction 
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toward Pos = Mpos, zoom inotor 5 is likely to stop without 
elimindt ing the backlash of the gears, etc. in the 
transinission system driving the caci ring. However, the 
processes at S180C and S164C cause zoom motor 5 to continue 
5 to operate in the reverse direction . for a time t msec 
following detection of Pos = Mpos - 1 before the rotation of 
motor is reversed, motor 5 will return the cam ring to a 
position corresponding to Pos = Mpos while rotating in the 
forward direction, and can be stopped at such position with 
10 the elimination of backlash in the forward-rotation 
direction. 

After .completion of the process at S164C, the process 
loop of S165C to S169C is repeatedly executed until POS - 
Mpos; thereafter, zoom motor 5 is stopped at S170C, and the 

15 process advances through either S171C, or through S171C and 
S172C to S2C in Fig. 51, Thus/ cam ring 14 is stopped at 
wide-angle terminus (Mpos) if no zooming had been done since 
the camera had been shipped from the factory. If a zooming 
operation had been carried out previously, the cam ring will 

20 be stopped at the previous zoom position stored in Mpos.- 
The zoom position at which the cam ring stops based on Mpos 
does not always precisely coincide with the precedent zoom 
position, but^is very close as has been described above. 

After the CPU of -ZM/C .100 returns to S.2C as - in 

25 paragraph b) above, each process executed during the 
previously mentioned second loop is' repeated under the 
condition that none of the switch settings has been altered. 

In case the process advances from S162C to S173C 
because mode changeover switch 101 has been changed from 

30 MACRO to ZOOM position, the above process will also take 
place if mode changeover switch 101 is changed to ZOOM 
position' while cam ring 14 is located at a position 
corresponding to Pos > A during execution of loop SISIC to 
S153C to S1-58C, S160C, S1.61C and ■ S151C. However, in this 

35 case, zoom motor 5 is rotating in the forward direction when 
the. process at S174C causes the motor to rotate in the 
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reverse direction. 

e) If mode changeover sv/itch 101 is chsinged from 
ZOOM to lO.CRO position under the condition that cam ring 14 
is stopped^ at POS = A, the same process described in 

5 paragraph c) above will be executed except that 'the 
starting point corresponds to Pos = A, not Pos = 2. 

f) If the tests at S167C; S168C, S177C and S1.7 8C 
in Fig. 52 referred to in paragraph, b) and d) show that mode 
changeover switch 101 has been changed from ZOOM position to 

10 LOCK position, or to >iACPiO position, the processes executed 
as a result are the same as described. in connection with the 
previous, embodiment, 

g) . If mode changeover switch 101 is changed from 
LOCK to ZOOM position when cam ring 14 is located at POS = I 

15 during the loop process of S151C to S156C and S151C in Fig. 
52, the CPU of ZM/C 100 advances the process from S153C 
through S162C and S163C to S164C at which motor 5 is 
commanded to rotate forwardly. Thereafter, the processes 
that follow are the same as described in paragraph d) . 

20 (2) If takeup motor control switch 119 is actuated 

while the CPU of ZM/C 100 is executing any of the various 
loops described above, the effect will be the same as 
described in the above in connection with the previous 
embodiments . 

25 (3) If zoom switch 102 is changed to the TELE side 

while the CPU of ZM/C 100 is executing the above described 
second loop, the effect will be the ■ same as described in 
paragraph (3) in the description of the first embodiment. 

When the CPU returns to the above described second loop 

30 after cam ring 14 is stopped at any location within the 
zooming ■ range (2 ^ Pos ^ A), the resultant data indicative 
of -the zoom position (lens position) are stored in register 
Mpos at sue, and the current position of the cam ring 
becomes the initial, zoom position during a subsequent zoom 

3 5 mode of operation, 

.'(4) If zoom switch 102 is changed to the WIDE side 
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while the CPU of 2M/C 100 is exacuting the above second 
loop, the effect of the processes that are executed will be 
the saiTie as described in paragraph (4) in the description of 
the first embodiment. If' CPU returns_ to the aboye-^described 
5 second loop after cam ring 14 is stopped at any position 
with the zooming range (2 - Pos - A), the Pos data 
indicative of the zoom position is stored in register Mpos 
at sue. 

(5) If the mode changeover switch 101 is changed from 
10 ZOOM to LOCK and back to ZOOM, or from ZOOM to MACI^O and 
back to ZOOM, cahm ring 14 is moved as shown in rig. 50." 

In the fourth embodiment, the data 2 ^ Pos A are 
stored in register Mpos in the CPU or PAM, However, this 
embodiment may be so arranged that the data 2 ^ Pos ^ A is 
15 stored in a non-volatile memory such as PROM to maintain 
the data even when the battery 106 is removed froiu the 
camera. 

The above description of ' the various embodiments 
emphasizes that backlash is eliminated when rotation of 

2 0 motor 5 is changed from reverse to for^^ard using the TELE 
terminus location as reference- However, the invention can 
also be implemented to eliminate the backlash when rotation 
of zoom motor 5 is changed from the forward to reverse using 
the WIDE terminus' as reference. 

2 5 Also for the first and fourth embodiments ^ the power of 

the lens can be set continuously, not merely in steps, like 
• 12 to f 7 ; and other types of position detectors, such as 
potentiometer which detect a continuous value, can be used. 
The extra time t msec that the zoom motor runs in the 

30 reverse direction to ensure . elimination of backlash has an 
absolute value that is dependent upon actual conditions such 
as the precision of the mechanical coupling between the 
motor and the cam. ring, the physical of the focal-length 
steps, etc. The pause time t' msec, which is the time the 

35 cam ring pauses between stepping from one focal-length step 
to the next in the second through fourth embodiments, is 
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dependent on design considerations such as the desirability 
for quickly scanning the zoom range, or providing more time 
for. the photographer to decide whether he has properly 
framed the subject to be photographed. 



